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Abstract

Summary Women aged 50 and older in Japan were compared
according to perceived risk for osteoporosis and fracture his-
tory. Perceived risk was associated with family history of
osteoporosis but few other risk factors. Few felt at risk, and
perception was only loosely related to epidemiological risks,
indicating a need for patient education.

Purpose Osteoporosis is prevalent but underdiagnosed and
undertreated. This study was conducted to explore character-
istics associated with history of fractures and feeling at risk for
osteoporosis in women aged 50 and older in Japan.

Methods Data were provided by a large annual survey repre-
sentative of Japanese aged 18 and older. Women 50 and older
without diagnosed osteoporosis were categorized into four
mutually exclusive groups based on fracture history
since age 50 and feeling at risk for developing osteo-
porosis. Sociodemographic and health characteristics
were compared across groups using bivariate statistics,
and health outcomes were compared using generalized
linear models. ‘

Results A total of 16,801 women aged 50 and older were
included in the analyses. Most (n=12,798; 76.2 %) had no
fracture since age 50 and did not feel at risk for osteoporosis,
12.9 % (n=2170) felt at risk but had no fracture, 8.7 % (n=
1455) did not feel at risk despite having a fracture, and 2.2 %
(n=378) had a fracture and felt at risk for osteoporosis. Feel-
ing at risk was slightly more common among those with than
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without a fracture since age 50 (20.6 vs. 14.5 %, p<0.001).
Feeling at risk was most associated with family history
of osteoporosis, though known risk factors for fracture
did not significantly differ across the fracture/perceived-
risk group. ' k
Conclusions Approximately 15 % of women in J apany aged 50
and older felt at risk for developing osteoporosis in the future,
far fewer than expected by epidemiologists. Risk perception
was only loosely related to epidemiological nsks for fracture,
indicating a need for patient education.

Keywords Osteoporosis - Fractures - Risk perception -
Quality oflife - Japan

Introduction

Osteoporosis is a major public health issue in Japan, though
not always recognized as such [1]. It is estimated up to a
quarter of women of all ages in Japan have osteopotosis, with
prevalence rising sharply after age 50 [2]. Despite the high
prevalence, the condition is believed to be underdiagnosed
and undertreated [3]. Fractures caused by osteoporosis con-
tribute to back pain, reduce quality of life, and interfere with
activities of daily living.

The consequences of osteoporosis also impose an
economic burden on society, with costs of hip and
vertebral fractures estimated at approximately 8.0 and
9.9 billion yen (US$78 and 97 million), respectively [4],
with costs increasing with the age of the patient [5].
Recently the cost per hip fracture in Japan was identi-
fied as among the highest in the Asia-Pacific region,
with average hospital cost reported as US$27,599 and
involving an average of 38 hospital days [6]. While the
incidence of hip fractures has stabilized in the West, the
incidence of these fractures is increasing in Japan [7].
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A variety of treatments have demonstrated effectiveness in
slowing or halting bone loss and reducing fracture risk in
osteoporosis [8, 9]. Though multiple treatment options are

available in Japan, only a low proportion of individuals suf-

Methods

fering osteoporotic fractures in Japan are treated prior to
fracture, suggesting many of those most at risk for fracture

are not being identified and treated until after a fracture occurs
[10, 11]. Indeed, osteoporosis has been called a silent disease -

because bone loss typically occurs without symptoms, becom-
ing apparent only after the individual sustains a fragility
fracture—that is, a fracture resulting from a trauma that would
not break a healthy bone, such as a mild fall from standing
height—or the individual has a bone densitometry test.
Lack of awareness among those at risk and the asymp-
tomatic nature of the disease are both barriers to effec-
tive fracture prevention. o
Because osteoporosis is an underrecognized and
underdragnosed condition, it is important to understand the
population that has not been diagnosed with osteopor051s
whether they understand the condition, take steps to prevent
it, or feel at risk of developmg it. Likewise, it is rrnportant to
ascertain to what extent perceived risk of developmg osteo-
porosis and actual risk for developing the condition comcrde
with those at most risk also being the most likely to perceive

kbelng at risk. Previous research n the US has demonstrated

that individuals’ perceptron of their own risk for osteoporotic
fractures is not closely related to established epidemiological
risk factors [12], but this relatronshrp has not been assessed
among women in Japan.

Likewise, there is little information on women’s percep-
tions of osteoporosis in Japan, how widely women who are
actually at risk feel at risk, or what is driving perceived risk. In
particular, prior fracture is the greatest predictor of future

fracture [13, 14], but it is not clear how strongly women take

thelr own fractme hlstory into account when assessing ‘their

) risk for osteoporosrs The Fracture Risk Assessment Tool
_(FRAX) calculator developed to estrmate lO—year rrsk for
- major osteoporotrc fracture includes a number of other risk

factors, mcludlng age, smokmg, alcohol consrnnptlon and use

of long—term glucocortlcord medrcatlon [15], and the extent to
“which an individual’s perceived risk is sensitive to these
_epidemiological risk factors is also unknown Bone ‘mineral
:dens1ty (BMD) scannmg is avallable as part of recommended
k :osteoporosw screening in Japan, but it is ot clear how wide-

spread the practice is, and in 2005 fewer than 5 % of those

“ehglble for screemng partlcrpated [1 6].

The current study was conducted to better understand

iwomen in Japan age 50 years and older in terms of

their percelved risk of osteoporosrs and their expenence
wrth fractures and to assess the relatronshlp between
patlent characterrstlcs percerved risk, and fracture hlS—

“tory among women w1thout dlagnosed osteopor031s in

this demographic | group.
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Data source

The current study used data from the 2008 (N=20,000), 2009
(N=20,573), 2010 (N=25,000), and 2011 (N=30,000) Japan

" National Health and Wellness Surveys (NHWS; Kantar
Health, New York, NY), an annual, cross-sectional study of

individuals aged 18 years or older in Japan. Response rates for
these surveys were 40.0, 22.7,24.9, and 15 % in 2008 through
2011, respectively. Because samplmg for NHW Sis wrthout
regard to previous participation, individuals can participate in
multiple years of the survey, and approximately 10 % of the
total responses (9206 of 95,573) was made by an individual
who completed the survey in a subsequent year (e.g., com-
pleted the survey in 2008 and again in 2010). In these cases,
only the most recent response made by the individual was
included; older responses made by the same mdrvrdual were
excluded from analysis i in order to avoid mcludmg the same
respondent more than once Only women ‘aged 50 and older
were mcluded in the present study The NHWS 1ncludes
mformatron related to _diagnosis and treatment of a broad
variety of condttrons health risk behaviors, and health-

related outcome data. Potential respondents to the NHWS

are recruited tlnough an existing web- based consumer panel,
whrch recruits its members through opt-in emails, co-

registration with panel partners, e-newsletter campaigns, ban-

ner placements, and both internal and extemal affiliate net-
works. All panehsts exphcrtly agreed to be a panel member,

,regrstered with the panel through a umque emaﬂ address and
, completed an m-depth demograph1c regrstratron proﬁle

The sample for NHWS is selected from thls panel usmg a

stratified random sample framework with quotas based on

gender and age. Previous research has found the dernographrc
composrtron of the J apan NHWS to be compat rable to that of the
Japanese adult population on 1mp0rtant parameters [17].
Though there were some minor changes and enlargements to
the NHWS questlonnane durlng the years mcluded in this study,
the questrons analyzed in the present study remalned consrstent
allowrng for the combination of multrple years of survey data.
All respondents to NHWS provrded informed consent, and
the study was approved by Essex lnstltutlonal Review Board

(Lebanon, NJ). -
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Measures
All measures were by self—report.

Sociodemographic characteristics Among the variables in-
cluded in the NHWS, age, marital status, employment status,
level of education, and household income were 1ncluded 1n the
present analyses. '
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General health characteristics Current use of cigarettes, daily
use of alcohol, and whether an individual had exercised vig-
orously in the past month were included. Body mass index
(BMI) was calculated from reported height and weight.

Comorbid ,h‘ealth conditions The Charlson Comorbidity In-
dex (CCI) [18] was used to summarize the overall comorbidity
burden of the respondents. This index weights the presence of
the following conditions and sums the result: HIV/AIDS,
metastatic tumor, lymphoma, leukemia, any tumor,
moderate/severe renal disease, hemiplegia, diabetes, mild liv-
er disease, ulcer disease, connective tissue disease, chronic
pulmonary. disease, dementia, cerebrovascular disease, pe-
ripheral vascular disease, myocardial infarction, congestive
heart failure, and diabetes with end organ damage. The greater
the total index score, the greater the comorbid burden on the
patient.

Perceived risk of developing osteoporosis Respondents were
compared on the basis of their perceived risk of developing
osteoporosis in the future and whether they had experienced a
fracture since age 50. Perceived risk was assessed with an item
asking the respondent to indicate which of a variety of age-
related conditions the respondent felt at risk of developing in
the future, of which osteoporosis'was one. Respondents who
selected osteoporosis were considered to feel at risk of
0steoporosis. '

Fractures since age 50 Respondents were asked to indicate
the number of bone fractures they had experienced since age
50. Those who indicated one or more fractures were consid-
ered to have had a fracture. '

Fracture risks and preventative steps Use of oral glucocorti-
coids was assessed by assessing the current medications the
respondent reported in the survey; respondents also indicated
whether they had completed menopause, if they had back
pain, and if they had a family history of osteoporosis. Respon-
dents were also asked if they were taking steps to prevent a
variety of conditions, including osteoporosis and, if so, what
specific steps they were taking. Respondents also indicated if
they had ever had a bone mineral density scan.

Health status All respondents completed the revised Medical
Outcomes Study 12-Item Short Form Survey Instrament (SF-
12v2), a multipurpose, generic instrument comprising 12
questions [19]. This instrument can be used to summarize
functional health by two summary scores: the physical com-
ponent summary (PCS) and mental component summary
(MCS). Each score has a mean of 50 and a standard deviation
of 10 for the US population, with higher scores indicating
better health. Several of the items from the SF-12v2 can be
used to generate a health state utility score, the SF-6D. The
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SF-6D is a preference-based single-index measure for health
using general population values [20]. The SF-6D index has
interval scoring properties and yields summary scores on a
theoretical 0—1 scale (with an empirical floor of 0.3). Higher
scores indicate better quality of life.

Work productivity and activity impairment Impairment to
work productivity was assessed using the Work Productivity
and Activity Impairment (WPAI) questionnaire, a six-item
validated instrument which consists of four metrics: absen-
teeism (the percentage of work time missed because of one’s
health in the past 7 days), presentecism (the percentage of
impairment experienced while at work in the past 7 days
because of one’s health), overall work productivity loss (an
overall impairment estimate that is a combin‘ation‘of absen-
teeism and presenteeism), and activity impairment (the per-
centage of impairment in daily activities because of one’s
heal}tyh'in the past 7 days) [21]. Only reSponderits who reported
being full-time or part-time employed provided data for ab-
senteeism, presenteeism, and overall work impairment. All
respondents provided data for activity impaim‘lent.‘ ,

Healthcare use The number of physician visits (including
visits to physicians, dentists, and nurses), the number of
emergency room (ER) visits, and the number of times hospi-
talized in the past 6 months were used to define healthcare use.

Analysis

The sample was characterized with descriptive statistics, and
Spearman’s correlation was used to quantify the strength of
the relationship between perceived risk and history of fracture.
Women were categorized into four groups based on their
perceived risk of osteoporosis and report of fractures since
age 50: (1) not feeling at risk for osteoporosis, no fracture; (2)
not feeling at risk for osteoporosis, with fracture; (3) feeling at
risk for osteoporosis, no fracture; and (4) feeling at risk for
osteoporosis, with fracture. These groups were first compared
using one-way ANOVA for continuous variables and chi-
square tests for categorical variables. The different perceived
risk/fracture categories were compared using generalized lin-
ear models, with each outcome modeled separately. Models
for MCS, PCS, and SF-6D incorporated a normal distribution
and an identity link function and so were equivalent to linear
regressions. For work productivity impairment, activity im-
pairment, and healthcare use variables, models incorporated a
negative binomial distribution with a log-link function to
better accommodate the skewed nature of the data. All models
were adjusted for age, university education (completed 4-year
degree vs. less), smoking status (current vs. former vs. never),
exercise (in the previous month vs. not), daily alcohol use (yes
vs. no), household income (above median vs. below median
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vs. decline to answer), BMI category (underweight vs. normal
weight vs. overweight vs. obese vs. decline to answer), marital
status (never married, divorced, or separated vs. widowed vs.
married/living with partner), and the CCI. The main predictor
of interest was the perceived risk and fracture group, which
was a dummy-coded variable where the group not feeling at
Tisk and without fractures served as the reference category
agamst which each of the other three categories was tested
Regresswmadjusted means and standard errors Were also
ca]culated for each group 1o assist in 1nterpretatron ‘

" Faclors typically considered health outcomes may also be
driving perceived risk of osteoporosis; the cross-sectional
design of the current study does not allow us to assess whether
risk preceded poor outcomes or poor outcomes increase the
perceptron of risk. Therefore, a binary logistic regressron was
used to test the association between feeling at risk for devel-
oping osteoporosrs and the set of demographics and outcomes
that may plausrbly precede feeling at risk for osteoporosrs
\Because takmg steps to prevent osteoporosis seems partlcu-
larly unlikely to lead to (rather than result from) feeling at risk
for the condition, taking such steps was excluded from the
‘analysis.

Results kk

A total of 16,801 women without self-reported osteoporosis
were included in the analysis. The respondents had a mean age
of 60 years (range 50-93), 37 % were employed and approx-
lmately 11 % mdlcated they were takmg steps to prevent
developmg osteopor051s in the future Forty«nme percent in-
dicated they had never had a bone mmeral densrty test. Ap-
proxrmately 11 % had fractured a bone since age 50, and
approxrmately 15 % felt at rrsk for developmg osteoporosrs
in the future. '

N Feehng at nsk for developmg osteoporosrs in the future
R was more common among those who had experrenced a
fracture since age 50 than those who had not experrenced a
fracture in that time (20. 6 vs. 14.5 %, p<0. 001) though the
‘ magnltude of the correlatron between percerved risk and his-
tory of fracture was small (rs 0. 05)

" Most (n= 12 798; 76.2 %) had 1no fracture since age 50 and
d1d not feel at risk for osteoporosis, 12.9 % (n= =2170) felt at
risk but had no fracture 8.7 % (n= 1455) did not feel at risk
desprte havmg a fracture, and 2.2 % (n=378) had a fracture

“and feltat rrsk for osteoporosrs Respondent characteristics are
:compared among the four groups in Table 1 The size of the
sample made the statlstrcal tests sensitive to very small differ-
ences across the. groups and most vanables were 51gn1ﬁcant1y
different across the groups The groups that had expenenced
fractures Were several years older than the groups without
fractures on average and so had more time to experience a

@ Springer

fracture since age 50. The groups with fractures also had lower

Tates of employment and hlgher rates of menopause than the

group with fractures.

Those who felt at risk for d'eveloping osteoporosis in the
future were more likely to indicate that they were taking steps
to prevent osteoporosis, with 33 % of those with a prior
fracture and 26 % of those without a prior fracture taking
preventatlve steps, compared to 12 and'7 % of those not
teehng at risk with and without a fracture, respectively. The
specrﬁc preventatlve steps ‘taken were largely similar across
risk groups and were most often the consumption of dairy
products, reported by 80 to 85 % of those who reported taking
preventative steps. BMD scanning was most common among
those feeling at risk for osteoporosis and varied from 45 %
among those not feeling at risk and without fracture to 66 %
among those feeling at risk with a fracture. Those without a
fracture who did not feel at risk were least likely to have
visited a physician in the prior 6 months, followed by those
who did not feel at risk but had a fracture since age 50. Having
an emergency visit in the prior 6 months was approximately
twice as likely among those who experienced a fracture since
age 50 as those who did not have fractures since age 50, and a
similar pattern was seen with havmg a hospital visit.

The relatlonshlps between previously identified risks for
fracture and perceived risk of deve]opmg osteoporos1s were
generally weak, with some exceptions. Family history was
rare among those not feeling at risk, at approximately 3 % for
both groups, and approximately five times more common
among those feeling at risk for developing‘ osteoporosis at
16 and 17 % for those who felt at risk for developmg the
discase. Back pain was also associated with percelved risk, up
to twice as common among those who felt at risk. In contrast,
other predictors of risk included in FRAX were not strongly
associated with perceived risk, including current smoking,
daily alcohol use, and use of oral glucocorticoids.

Brvanate comparisons of health outcomes demonstrated

‘that health status work, and activity 1mpamnent were gener-
ally best among the group not feeling at risk and without

fractures, though differences were relatively small (Table 2)
‘leewrse this group’had the fewest phys1c1an visits and the
~ lowest number of hospitalizations in the prior 6 months. -

Generalized linear regression analysis of health outcomes
revealed a generally consistent picture (Table 3). The group not
feeling at risk and w1thout fractures had srgmﬁcantly higher
MCS and PCS scores than the three other groups, though none
reached the 3-point threshold for mrmmally important differ-
ence. Only a few small differences in work productrvrty im-
palrment were observed, with hrgher absenteeism among those
not feeling at risk with a fracture relative to the reference group
and higher presenteeism among those feeling at risk. Impair-
ment to non-work activities (19 %) was significantly lower
than those of the other three groups (24-25 %). The reference

* group also had fewer physician visits than all the other groups,
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Table 1 Demographic and health characteristics among women in Japan age 50 and older by perceived risk of osteoporosis and fracture history

Not feeling at risk,  Not feeling at risk, = Feeling at risk, = Feeling at risk,

no fractures fracture (N=1455)  no fractures fractures (N=378)

(N=12,798) (V=2170)

Mean SD Mean SD Mean SD Mean SD p value?
Age of the respondent 59.43 7.61 64.52 7.52 59.04 7.34 6390 725 <0.0001
BMI 21.92 3.27 22.15 4.02 2129 291 21.46 2.79 <0.0001
CCl 0.12 0.40 0.19 0.52 0.16 049 0.17 0.51 <0.0001

n % n % n % n % p value®
What is your marital status? <0.0001

Married/living with partner 9918 77.5 % 1040 71.5% 1636 754 % 267 70.6 %

Widowed 958 75 % 175 12.0 % 155 71% 46 122 %

Never married/divorced/other 1922 15.0 % 240 16.5 % 379 175% 65 172 %

Employed 4834 37.8 % 398 274 % 819 377 % 110 29.1%  <0.0001

Completed 4-year college 3251 254 % 309 212 % 627 289 % 96 254 %  <0.0001

Annual household income » ) <0.0001
¥5,000,000 or above 6257 48.9 % 572 39.9 % 1171 540% 172 45.5 %

Less than ¥5,000,000 4800 37.5 % 673 46.3 % 834 384 % 169 447 %

Decline to answer 1741 13.6 % 210 144 % 165 76 % 37 9.8 %

BMI categories ) ) <0.0001

Underweight 1251 9.8 % 175 12.0 % 321 148 % 45 119 %

Normal 9248 72.3 % 1017 69.9 % 1599  73.7% 287 75.9 %

Overweight 1520 119 % 189 13.0 % 180 83% 39  103%

Obese 205 1.6 % 31 21 % 24 11% 2 0.5 %

Decline to answer 574 4.5 % 43 30 % 46 21% 5 13% ;
Currently smokes 1809 14.1 % 172 11.8 % 351 162 % 50 132%  0.0028
Currently drinks 7737 60.5 % 786 54.0 % 1385 63.8% 228 603 % . <0.0001
Daily alcohol use 1421 1.1 % 170 11.7 % 240 111 % 41 108 % 09191
Currently exercises 6010 47.0 % 767 527% 1042 48.0% 195 51.6 %  0.0002
Back pain 568 44 % 82 5.6 % 171 79% 38 101 %  <0.0001
On glucocorticoids 261 2.0 % 36 2.5% 67 31% 12 32 % 0.0100
Completed menopause 5794 453 % 891 612 % 1026 473 % 244 64.6 %  <0.0001
Visited physician (in the prior 6 months) 8469 66.2 % 1165 80.1 % 1662 - 76.6 % 329 87.0%  <0.0001
Visited ER (in the prior 6 months) 370 29 % 87 6.0 % 67 31% 22 5.8 % <0.0001
Visited hospital (in the prior 6 months) 450 3.5 % 109 7.5 % 77 35% 25 6.6 % <0.0001
Have you ever had a bone mass density test/scan? ) <0.0001

Yes 5767 45.1 % 884 60.8 % 1172 54.0% 249 65.9 %

No 6644 51.9 % 523 359 % 942 434 % 117 31.0 %

Not sure 387 3.0% 48 33 % 56 26% 12 32%

Taking steps to prevent osteoporosis 919 72 % 176 12.1 % 561 259 % 124 328%  <0.0001
Steps taken to prevent osteoporosis '

Take calcium 571 62.1 % 123 69.9 % 362 64.5% 77 62.1% 02418

Exercise regularly 479 521 % 110 62.5 % 298 53.1% 65 524%  0.0888

Drink or eat dairy products (e.g., milk, yogurt) 755 822 % 146 83.0 % 476 84.8% 99 79.8% 04428

Take a prescription medication 97 10.6 % 33 18.8 % 114 203 % 43 347 %  <0.0001

Take vitamin D 220 239 % 56 318 % 144 257 % 43 347 %  0.0185

Take steps but none of the above 6 0.7 % 1 0.6 % 0 00% 1 0.8 % 0.2849
Family history of osteoporosis 371 29 % 49 34 % 338 15.6 % 65 17.2 % <0.0001
BMI body mass index, ER emergency room, CCI Charlson Comorbidity Index
2 p value according to one-way ANOVA
® p value according to Pearson’s chi-square
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Table 2 Unadjusted health outcomes among women in Japan age 50 and older by perceived risk of osteoporosis and fracture history

Not feeling at risk, Not feeliﬁg at risk, ‘Feeling at risk, Feeling at risk,

no fractures . fracture no fractures fractures

Mean SD Mean SD Mean SD Mean SD p value
MCS 49.49 9.40 49.54 10.02 47.00 10.25 48.13 9.58 <0.0001
PCS 50.48 6.89 48.54. 8.10 48.97 736 4791 797 <0.0001
SF-6D 0.779 0.127 0.766 0.137 0.739 0.126 0.745 0.127 <0.0001
Absenteeism (%) 2.6.% 119 % 54 % 174 % 23 % 9.8 % 44 % 143 % 0.0001
Presenteeism (%) 123 % 19.0 % 13.0 % 20.6 % 15.0 % 19.9 % 17.1.% 233 % 0.0004
Overall work impairment (%)  14.0 % 21.6 % 16.3 % 254 % 162 % 217 % 18.1 % 258 % 0.0053
Activity impairment (%) 16.5 % 215 % 21.1 % 253 % 213 % 239 % 22.5 % 239 % <0.0001
Physician visits 548 8.09 823 9.92 7.09 9.81 9.08 9.94 <0.0001
ER visits 0.09 . 118 0.16 1.03 0.07 0.73 0.09 0.58 0.0891
Hospitalizations 041 3.67 1.24 7.68 046 3.68 0.51 2.82 <0.0001

Higher scores on MCS and PCS indicate better health status. p values are from one-way ANOVA

MCS mental component summary, PCS physical component summary, £R emergency room

fewer ER visits than those not feeling at risk but with a fracture,
and fewer hospitalizations than that group as well.

The results of the logistic regression of feeling at risk for
developing osteoporosis in the future demonstrated that some
variables usually considered outcomes were associated with
feeling at risk for osteoporosis (Table 4). Lower MCS and
PCS scores were associated with higher adjusted odds of
feeling at risk for developing osteoporosis in the future, as
was visiting a physician at least once in the past 6 months.

Being hospitalized in the prior 6 months was associated with
slightly lower adjusted odds of feeling at risk. Osteoporosis-
related factors associated with feeling at risk included prior
fracture since age 50, back pain, and having completed men-
opause. Having a BMD scan was associated with higher odds
of feeling at risk than not having a BMD scan. Family history
of osteoporosis was particularly closely associated with feel-
ing at risk for developing osteoporosis, while use of glucocor-
ticoids, alcohol use, and smoking were not associated with

~Table 3 Regression-adjusted mean health outcomes by perceived risk of osteoporosis and fracture history

Not feeling at risk, no fracture Not feeling at risk, fracture Feeling at risk, no fracture. Feeling at risk, fracture

Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Health-related quality of life
 MCS 48.1 (0.2) 47.2%%% (0.3) 45.9%%% (0.3) 45.9%%% (0.5)
PCS 485 (0.1) 47195 (0.2) 47.0%% (0.2) 46.3%+% (0.4)
SF-6D 0.75 (0.00) 0.73%%* (0.00) 0.72%%* (0.00) 0.71%%% (0.01)
Work and activity impairment , k ‘ o '
Absenteeism (%) 3.5 % (0.5) 6.7 %** (1.8) 29 % (0.6‘)‘ 74 % (3.6)

. Presenteeism (%) 13.7%(0.7)
15.7 % (0.8)

19.0 % (0.5)

Overall work impairment (%)
. Activity impairment (%)
Healthcare use (6 months).

14.9 % (1.3)
18.3 % (1.6)
23.6 %*** (1.0)

15.7 %* (1.1)
17.4 % (1.2)
24.0 %*** (0.9)

20.7 %** (3.3)
22.2 %* (3.5)
25.3 %*** (1.8)

Physician visits 6.4(02) g.4xrx 04) 8.2%4* (0.3) 9.9%k% (0.8)
ER visits 0.08 (0.02) 0.13* (0.04) 0.06 (0.02) 0.07(0.04)
Hospitalizations 042 (0.07)  1.04%%* (0.28) 0.4 (0.11) 051 (0.24)

All‘ models édjﬁs’fed for age, university educatioh, smoking Stafus, exerciysey, daily alcohol use, household income, BMI category, maritalystatus, and the
CCI. Mean and SE presented at the mean of the covariates. Higher scores on MCS and PCS indicate better health status

MCS mental component summary, PCS physical component summary, ER emergency room

Significance is relative to group not feeling at risk and without fractures; *p<0.05, **p<0.01, ***p<0.001
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Table 4 Association between respondent characteristics and feeling at risk of developing osteoporosis

Factor Odds ratio 95 % confidence limits p value
Lower Upper

Age (5-year interval) 0.95 0.91 0.99 0.008
CCI 1.04 0.94 1.14 04734
Fracture (since age 50) 1.39 1.22 1.58 <0.0001
PCS (5-point interval) 0.89 0.85 0.92 <0.0001
MCS (5-point interval) 0.90 0.88 093 <0.0001
Activity impairment (5 % interval) 0.99 0.98 1.01 ' 0.3341
‘What is your marital status?

Married/living with partner Reference category

Never married 1.08 0.95 1.22 0.2609

Widowed 1.00 0.84 1.19 09712
Employed 0.96 0.86 1.06 0.3681
Completed 4-year college 1.12 1.01 1.23 0.0354
Annual household income

Below ¥5,000,000 k Reference category

¥5,000,000 or above 1.09 k 0.98 1.20 0.1154

Decline to answer 0.61 0.52 0.72 <0.0001
BMI category

BMI: Underweight 1.32 1.15 1.50 <0.0001

Normal Reference category

Overweight 0.62 0.53 0.72 © <0.0001

Obese 0.46 0.30 0.70 0.0003

Decline to answer 0.53 0.39 0.72 <0.0001
Currently smokes 111 097 1.26 0.1239
Currently exercises 1.05 0.96 1.15 0.3286
Daily alcohol use 0.92 0.80 1.06 0.2310
Back pain 133 1.11 1.58 0.0015
On glucocorticoids 1.09 0.84 1.43 0.5125
Completed menopause ) 1.25 1.12 1.39 <0.0001
Visited physician (in the prior 6 months) 141 1.27 1.58 <0.0001
Visited ER (in the prior 6 months) 0.85. 0.66 1.09 0.1927
Visited hospital (in the prior 6 months) 0.79 0.63 1.00 0.0479
Have you ever had a bone mass density test/scan?

Yes 1.32 1.20 1.44 <0.0001

No Reference category

Not sure 1.10 0.84 1.45 0.4780
Family history of osteoporosis 5.52 475 6.41 <0.0001

MCS mental component summary, PCS physical componeﬁt summary, ER emergency room

feeling at risk. BMI category was also associated with
feeling at risk for developing osteoporosis, with those un-
derweight more likely to feel at risk than those of normal
weight and those overweight or obese less likely to feel at
risk. Finally, demographics were also related to feeling at
risk, with younger age and declining to answer income
associated with lower adjusted odds of feeling at risk, while
college education was associated with higher odds of feeling
at risk.
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Discussion

Osteoporosis is often termed a silent disease because individ-
uals do not realize they have developed the condition, and the
disease progresses without symptoms until the individual
experiences a clinical fracture. As osteoporotic spine fractures
often go undetected, individuals may even suffer multiple
osteoporotic fractures prior to diagnosis [22]. The current
analysis demonstrated that women age 50 and older in J apan
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generally do not feel at risk for developing osteoporosis in the
future, though many will. Though individuals reporting a
physician diagnosis of osteoporosis were excluded from the
present study, it is possible that some of the respondents
included in the present study in fact already have osteoporosis
and are simply unaware of the weakened state of their bones.
Indeed, while the majority of those who had experienced a
fracture since age 50 indicated having a BMD scan, a sub-
stantial minority—approximately one in three—indicated
they had never had a BMD scan, which is an integral part of
the diagnostic procedure according to Japanese guidelines

[16]. Thus, many of the respondents had not had the opportu-

nity to be diagnosed with osteoporosis. Few indicated they
were actively taking steps to prevent osteoporosis: slightly
more than one in every four who felt at risk for developing it
in the future and only about one in every ten among those who
did not feel at risk. Feelings of risk themselves were most
associated with family history of osteoporosis, though rates of

BMD scanning and having visited a physician in the prior

6 months also differed across the groups and seemed to vary
primarily in relation to perceived risk, suggesting that feeling
at risk may be due to a mixture of family history and
engagement with healthcare providers. The regression
analysis directly assessing which factors were associated
with perceived risk also indicated a strong relationship
with family history and weaker relationships with re-
cently seeing a physician, having a previous fracture
‘since age 50, and lower mental and physwal quality of
life, among other factors.

 Though previous fracture is widely understood to be an
important predictor of future fracture [14], the relationship
between fracture history and perceived risk of osteoporosis
was quite small. Though there were differences across groups,
no clear relationship emerged between perceived risk of oste-
oporosis and other predictors of fracture aside from family
history. Smoking, alcohol use, and use of glucocorticoid med-
ication were quite similar across the groups, indicating that
women are either unaware of the relationship these have with
risk of osteoporotic fractures or the knowledge does not
"have enough impact to affect their perceived rtisk for
developing osteoporosis. The pattern of results was sim-

ilar when using logistic regression, with none of those

behavioral risk factors significantly associated with feel-
ing at risk.

The pattern of results in regression analysis demonstrated
that percelved risk and fracture history are related to out-
comes, but these relatlonshlps are modest in size among those
who do not have osteoporos1s Those with fractures among

“women age 50 and older in J apan have: worse health outcomes
than those who do not experience fractures, which seems to be
clearest in the PCS and SF-6D scores, while lower PCS scores
themselves are also associated with feeling at risk for devel-
“oping osteoporosis. Analyses of work productivity

@ Sprfnger

impairment had limited power to detect differences, as only
a minority of the sample was employed, and those who had
not had a fracture were more likely to be working.

The current study has several limitations which should be
considered. All information, including presence or absence of
fractures, was assessed through self-report and could not be
confirmed. The measure of perceived risk was a part of a
checklist rather than a more sensitive measure, and the word-
ing mdlcated the future in general rather than a des1gnated
time frame. This makes the comparability of the reported risk
perception and epidemiological risk factors less clear. Use of
the FRAX score to indicate risk of fracture rather than indi-
vidual predlctor% would also have allowed for a stronger
comparison. Likewise, it is worth noting that the perceived
risk included in the NHWS was risk of developing osteopo-
rosis, not perceived risk of a fracture. To the extent that these
risks are perceived differently, the risk of fracture would be a
more appropriate perception to compare with risk factors for
fracture. An interesting direction for future research would be
to mcorporate a history of falls or risk factors for falls. Falling
is often the cause of osteoporotic fractures, but this informa-
tion regarding falls was not included in the NHWS [23]. The
modest response rate of the survey may have resulted in some
self-selection bias to the results, though the current survey
indicated the prevalence of self-reported fracture in the current
survey among menopausal women was similar to that previ-
ously reported in the literature (16 % [24]). The survey re-
spondents were sourced through an opt-in Internet survey
panel and therefore may differ in important ways relative to
the population as a whole. By definition, all were Internet
users, and though Japan has one of the highest rates of Internet
use in the world (approximately three of every four individ-
uals accessed the Internet in 2007, the year prior to the first
survey included here), Internet use was less common among
older adults [25]. Therefore, reliance on' an Internet-based
panel may have biased estimates, such as the mean age of
the respondents and the proportion of women feeling at risk,
having experienced a fracture, or who had received a bone
mineral density scan, though it seems less likely that this
would impact the relationships observed between variables.
The accuracy of the lifetime rate of BMD scanning is partic-
ularly hard to assess, as we are not aware of any published
population-based studies of lifetime prevalence of these scans

‘among women aged 50 and older in Japan or elsewhere. This

" rate may be an overestimate, as the rate reported here is higher

than 1eported rates of BMD scanmng in other studies reporting
" BMD testing rates in large samples outside Japan ‘though the
rates reported elsewhere are not lifetime rates [26—28] The
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number may also reflect the avallablhty of bone measurement
at locations other than hospitals or medical offices in Japan, as

:calcaneal quahtatlve ultrasound (QUS) is sometimes made

available in public places durmg health promotion events to
raise awareness of osteoporosis and fracture risk. Some
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women may have mistakenly indicated having had a BMD
scan when in fact they have undergone QUS measurement.
Finally, because of the cross-sectional and non-interventional
nature of the study, the associations observed in the study
should be considered correlational rather than indicating caus-
al relationships.

In conclusion, the present study adds to the evidence that
risk for osteoporosis is not well understood by the segment of
the Japanese population most at risk for fractures, women age
50 and older. Those at risk for osteoporosis do not realize they
are at risk, and few risk factors are strongly associated with
perceived risk aside from family history. Furthermore, even
some of those who do feel at risk are not necessarily taking
steps to protect themselves against bone loss and future frac-
tures. The lack of awareness and prevention is troubling
considering the high personal, social, and economic cost of
osteoporotic fractures, especially in the context of an increas-
ingly aged populace such as Japan. These results suggest that
in Japan, as elsewhere in Asia, continued efforts are needed to
raise awareness of osteoporosis risk and available preventative
measures.
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REVIEW

Systematlc review of raloxifene in postmenopausal
Japanese women with osteoporosis or low bone
mass (osteopenia)

‘Purpose: To systematically review the literature describing the efficacy, effectiveness, and

safety of raloxifene for postmenopausal Japanese women with osteoporosis or low bone mass
(osteopenia). ' '
Materials and methods: Medline via PubMed and Embase was systematically searched using
prespecified terms. Retrieved publications were screened and included if they described randomized
controlled trials or observational studies of postmenopausal Japanese women with osteoporosis
or osteopenia treated with raloxifene and reported one or more outcome measures (change in
bone mineral density [BMD]; fracture incidence; change in bone-turnover markers, hip structural
geometry, or blood-lipid profile; occurrence of adverse events; and change in quality of life or
pain). Excluded publications were case studies, editorials, letters to the editor, narrative reviews,
or publications from non-peer-reviewed journals; multidrug, multicountry, or multidisease studies
with no drug-, country-, or disease-level analysis; or studies of participants on dialysis.
Results: Of the 292 publications retrieved, 15 publications (seven randomized controlled trials,
eight observational studies) were included for review. Overall findings were statistiéally sig-
nificant increases in BMD of the lumbar spine (nine publications), but not the hip re gion (el ght
publications), a low incidence of vertebral fracture (three publications), decreases in markers
of bone turnover (eleven publications), improved hip structural geometry (two publications),
improved blood-lipid profiles (five publications), a low incidence of hot flushes, leg cramps,
venous thromboembolism, and stroke (12 pubhcatlons) and improved quahty of life and pain
relief (one publication).

Conclusion: Findings support raloxifene for reducing vertebral fracture risk by improving
BMD and reducing bone turnover in postmenopausal Japanese women with osteoporosis  or
osteopenia. Careful consideration of fracture risk and the risk—benefit profile of antiosteoporosis
medications is required when managing patients with osteoporosis.

Keywords: bone density, fractures, osteoporotic, Japan, osteoporosis, raloxifene

Introduction

Osteoporosis is a major health problem worldwide that is “characterized by low bone
mass and microarchitectural deterioration of bone tissue, with a consequent increase
in bone fragility and susceptibility to fractures”.! In Japan, population-based estimates
using 2005 data and no age cutoffs suggest that osteoporosis affects between 6.4 million
and 11 million people, and that the incidence of osteoporosis increases with age and
is significantly greater in women than men.? Given that Japanese people have the
world’s longest life expectancy from birth (currently at 83.7 years for 2010-2015)?
and Japan’s rapidly increasing aged population,* there is a clear need to reduce the
burden of osteoporosis in the coming years.
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Fracture is the most serious consequence of osteoporosis.
This is primarily because women with osteoporosis have
marked deterioration in bone mineral density (BMD) and

bone architecture, which results m deterroratzon in bone,

strength.® Of the types of osteoporotm fractures, vertebral

fractures are of great concern, because of the risk of subse-.
quent vertebral fractures and the Tesulting ¢ ‘vertebral frac-

ture cascade”, the increased risk of nonvertebral fractures
following vertebral fractures,” and the considerable effect
vertebral fractures have on pain, health-related quality of
life, and mortality rate.” The impact of vertebral fractures
is particularly important for Japanese women, because find-
ings in population-based or longitudinal studies that used
similar morphornetrrc methods to assess the incidence of
kvertebral fracture have shown a hlgher incidence of vertebral

fractures in Japanese women than Caucasian women.'s17

Hip fractures resulting from osteoporosis are also a signifi-
cant burden. InJapan, hip;fracture incidence is expected to
increase 68% from 2012 to 2040, with an average hospital
cost of US$27,599 for surgical treatment.'s

In Japan, therapeutic treatments recommended for osteo-

“porosis include bisphosphonates (eg, risedronate, alendronate),

selective estrogen-receptor modulators (eg, raloxifene;

bazedoxifene), active vitamin D, derivatives (eg, alfacalci-
dol, eldecalcitol), and recombinant parathyroid hormone. "
Blsphosphonates are the most familiar and well-studied of
these treatments 1920 wrth proven efficacy for vertebral frac-
ture reductron in Tapanese patients. 21 0f the other treatments

7ralox1fene a nonsterordal benzothrophene denvatwe of the
yselectlve estrogen receptor-modulator class, has been used;" 7

to treat postmenopausal osteoporosis in Japan since May
2004 (60 mg tablets)."” Raloxifene is a suitable therapy for
the treatment. of postmenopausal osteoporosis, because. the
estrogen-like actions of raloxifene in bone averts the imbal-

ance-in bone turnover (excess resorption versus formation):
caused by postmenopausal estrogen deficiency. In addition, the'

estrogen-like actions of raloxifene are tissue-specific, because
raloxifene does not stimulate mammary or uterine endometrial
tissue.” Compared with placebo, raloxifene has been shown
to reduce the relative risk of vertebral fractures by up to 69%
~in postmenopausal Caucasian women with: osteoporosis after

3 years of treatment.”? Additional findings for raloxifene -
indicate increases in lumbar spine. BMD* and in terms: of
“ bone quality, improvements in hip cortical geometry,?** and .

collagen quality by reducing: nonenzymatic collagen cross-
links,? and the maintenance of heterogeneous mineralization

- in bone?” Although findings from a post hoc analysis of data -
from two independent studies indicated that postmenopausal

Japanese and Chinese women treated with raloxifene had a
lower incidence of vertebral fractures than those treated with
placebo,? the available data describing the effect of raloxifene
treatment in postmenopausal Japanese women have not been
adequately synthesized. Synthesis and evaluation of these data
-may provide valuable information for Japanese physwrans

treating postrnenop'msal women with osteoporosis.”

To evaluate the exxstmg evidence. for postmenopausal
Japanese women with osteoporosis or low bone mass
(osteopenia) treated with raloxifene, we performed a system-
atic review of the literature. The objective of this review was
to examine the efficacy, effectiveness, and safety findings
from clinical trials and observational studies of raloxifene and
to provide clinical insight into the usefulness of raloxifene
for preventrng or reducmg the risk of subsequent vertebral
and nonvertebral fractures in J apan.

Materials and methods

Search strategy

A search for relevant publications was done on May 28,2013
‘using the database Medline via PubMed and Embase. The

search terms were Japan (Medical Subject Headings [MeSH],
‘Emtree), raloxifene (MeSH, Emtree), Evista, osteoporosis

(MeSH, Emtree), fracture (Emtree), fracture®, and bone

dens1ty (MeSH, Emtree). Search terms were combined using
the Boolean operators OR and AND to give the following

:: strategy Japan AND (raloxifene OR Evista) AND (osteo-

porosrs OR [fracture OR fracture*] OR bone density). The
search 11rn1ts were human species only and publication date
from January 1, 1980 onwards.

Study selection

Publications identified in Medline via PubMed and Embase
were collated using Endnote X5 (Thomson Reuters,
New:York, NY, USA). Duplicate publications were

- discarded, and the remaining publications were screened

using prespecified inclusion and exclusion criteria. The title
and abstract of each publication were screened initially; the
full text of a publication was screened only if screening of the
title and abstract was inconclusive. Publications describing

.- randomized controlled clinical trials and observational stud-

ies (prospective and retrospective) of postmenopausal women
‘with osteoporosis or osteopenia receiving raloxifene treat-
ment were included if they reported one or more outcome
- measures. Outcome measures were change in BMD of the
- lumbar spine, femoral neck, total h1p, total neck or other
areas within the hip region; incidence of new vertebral frac—
ture or nonvertebral fracture; change in blochemlcalmarkers
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of bone turnover, hip structural geometry, or blood-lipid
profile; occurrence of adverse events (AEs; type, incidence,
and severity), in particular venous thromboembolism (VTE),
cardiovascular events, stroke, vaginal bleeding, or hot flush;
effect on coagulation parameters or breast, uterus, ovary, or
reproductive tissues; and change in quality of life or pain.
Publications were excluded if they were case studies,
editorials, letters to the editor, narrative reviews, or published
in a non-peer-reviewed journal; were multidrug studies that
did not include a subanalysis of raloxifene; were multicoun-
try studies that did not include a subanalysis of Japanese
participants; were multidisease studies that did not include
a subanalysis of participants with osteoporosis or osteope-

nia; or if participants were on dialysis. The bibliographies

of systematic reviews were screened for other potentially
relevant publications.

Data extraction and analysis

Data extraction was conducted by one person, and the
extracted data were reviewed by all authors. Data extracted
were study and participant characteristics (study design,
number and mean age of participants, therapy and dose, study
duration [ie, number of weeks], disease definition, study
objective), and findings for BMD of the lumbar spine,
femoral neck, total hip, total neck, or other areas within the
hip region (percentage change in BMD from baseline to
52 weeks or BMD at baseline and at 52 weeks), vertebral

and nonvertebral fracture incidence, biochemical markers

for bone turnover (percentage change in concentration from
baseline to 52 weeks or concentration at baseline and at 52

weeks), hip structural geometry parameters (percentage

change in parameters from baseline to 52 weeks), blood-lipid
profile (percentage change in concentration from baseline
to 52 weeks or concentration at baseline and at 52 weeks),
AEs (type, incidence, and severity; incidence of VTE, car-
diovascular events, stroke, vaginal bleeding, or hot flush)
and quality of life and pain (mean change in scores from
baseline to 24 weeks).

Results

Literature-search results

A total of 292 abstracts were retrieved from the search of
PubMed and Embase (Figure 1). Duplicate publications were
discarded (n=65), the remaining 227 abstracts screened, and
26 publications selected for full-text review. The main reasons
for exclusion were no relevant outcomes reported, raloxifene
not included, or study not conducted in humans (Figure 1).
The remaining 15 publications were included for review.

Study and participant characteristics

Of the 15 publications included for review, there were
seven randomized controlled trials®* reporting evidence
for efficacy and eight observational studies?**** reporting

-evidence of effectiveness (Table 1). Evidence of safety

was reported in 1223335384042 of the 15 publications. The
method of randomization and allocation (eg, randomly gen-
erated treatment codes, random self-drawing of prepared
sealed envelopes) was described in four®32%33 of the seven
randomized controlled trials. Only the double-blind placebo-
controlled trial*® and an open-label randomized controlled
trial® described whether randomization and allocation were

. blinded. The number of participants enrolled varied from

39 in one randomized controlled trial* to 7,557 in two post-
marketing surveillance observational studies.***! The mean
age of participants ranged from 63 to 80 years (Table 1).
On average, most participants had undergone menopause at
50 years of age (data not shown). Most publications (14 of 15)
assessed the effects of raloxifene for a minimum of 52 weeks
(Table 1). A definition for osteoporosis and osteopenia was
reported in 14 of the 15 publications, with most publications
(n=11) deﬁrﬁng osteoporosis and osteopenia according to the
Japanese diagnostic criteria year 2000 revision® (Table 1).
BMD

Findings for BMD were reported in eleven of the 15 pub-
lications, and included BMD of the lumbar spine (nine
publications),?31-3335-3840 of the femoral neck, total hip, or
total neck (six publications),?*?*%33¢-38 or of other regions in
the hip (five publications).2+336383 Findings were reported
as the percentage change in BMD from baseline to 52 weeks
or BMD at baseline and at 52 weeks in all publications.
There were three longer-term studies reporting BMD at
104 weeks?*32% and at 156 weeks.*

After 52 weeks of treatment with raloxifene 60 mg/day,
lumbar spine BMD increased significantly from baseline
in all nine publications reporting findings for lumbar spine
BMD, including the randomized placebo-controlled trial®® of
raloxifene 60 or 120 mg/day (Table 2). In the randomized
comparative trials, the increase in lumbar spine BMD for
raloxifene was less than that for alendronate (P<0.01),*!
more than that for alfacalcidol, 3 and less than® or more
than®-* that for combination treatment with raloxifene and
alfacalcidol (Table 2).

Compared with lumbar spine BMD, the effect of ral-
oxifene 60 mg/day on BMD in the femoral neck, total hip,
or total neck (Table 2) or other regions of the hip (data not
shown) was not consistent after 52 weeks of treatment.
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PubMed
n=69

Embase
n?223

»! - Duplicates, n=65

Y

n=227

Total publications for revie

W

) 4

Excluded, n=201
~ Not human, n=10
~ Not low BMD or osteoporosns n=8
Not raloxifene, n=17 '
No relevant outcomes, n=19
Case reports, n=9
Narrative reviews, n=135
Not Japan, n=3

Y

n=26

Publications for, fUH—text review

2

Excluded, n=11

‘ Systemahc reviews, n= =2

' Mulﬂcountry study W|th no
country-level analysis, n=1
Antiresorptive therapy study Wlth no
drug-level analysis, n=1
Participants with ;
osteoporosis/osteoarthritis with no
disease-level analysis, n=1
Conference abstract, n=1
Participants on dvalys;s n=3 ,
Published in non- peer-revnewed
Journal n= 2

!ncluded pubhcaﬂons
n= 15

Figuré I Flow dlagram of literature-search results. Databases were Medline via PubMed and Embase. Searches were limited to hurman species aryndypublications from 1980 onwards.

Abbreviation: BMD, bone mineral density,

In the eight pub1icationsz“’”*”’”’?é‘”' that reported findings
‘fokr BMD in the femoral neck, total hip, total neck, or other
"regi'oVns of the hip, BMD increased, remained the same, or

decreased; few of the i 1ncreases in BMD were statlstlcally
' 51gn1ﬁcant '

Fracture incidence
Fracture incidence (vertebral or nonvertebral) was reported
in three of the 15 publications, including publications from
two randomized controlled trials®™** and one observational
study.** However, only the observational study, which was a
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Table | Study and participant characteristics

Authors Enrolled, Therapy and Mean (SD) Study period, Disease definition Objective
n ~ “dose, n age, years weeks
Randomized controlled trials
Morii et al*® 3022 REX 60 mg/day, 92 65 (6)° 52 L-BMD =2.5 SD of YAM and Assess safety and efficacy of RLX (double-blind,
RLX 120 mg/day, 95° 65 (6)° Japanese diagnostic criteria® placebo-controlied)
Placebo, 97° 64 (7)
Iwamoto et aP! 122 RLX 60 mg/day, 61 69 (7) 52 Japanese diagnostic criter . ¢ Compare effects of RLX and ALN on L-BMD,
ALN 5 mg/day, 61 70 (8) bone turnover, and lipid metabolism
Majima et al® 60 RLX 60 mg/day, 32 72 (9)¢ 52 L-BMD =2.5 SD of YAM ..nd Assess efficacy of RLX + ALF on BMD
RLX 60 mg + ALF | -pg/day, 28 70 (1) Japanese diagnostic criter ¢ and bone turnover
Gorai et al?” 137 RLX 60 mg/day, 45 64 (7) 52 L-BMD =2.5 SD of YAM Assess adherence to RLX, ALF, and RLX + ALF
ALF | pg/day, 44 65 (7) (osteoporosis) or 2.5 SD -<L-BMD
RLX 60 mg + ALF | pg/day, 48 65 (8) =2.0 SD of YAM (osteof 2nia)?
Hayashi et al** 46 RLX 60 mg/day, 16 71 (3) 52 L-BMD =2.0 SD of YAM Compare atheroprotective and osteoprotective
HRT, |6 72 (3) effects of RLX and HRT when switching from
.Control, 14 73 (3) HRT to RLX (age-matched controlsf)
Gorai et al 170 RLX 60 mg/day, 42¢ 64 (7) 104 L-BMD =2.5 SD of YAM Assess efficacy of RLX + ALF on BMD and
ALF | pg/day, 46¢ 65 (7) (osteoporosis) or 2.5 SD <L-BMD bone turnover and effect of RLX on serum
RLX 60 mg + ALF | pg/day, 452 65 (7) =2.0 SD of YAM (osteopenia)? PTH
Ando et al*® 39 RLX 60 mg/day am, 20 77 (10)" 52 Japanese Guidelines for the Assess effects of RLX dosing time on
RLX 60 mg/day pm, 19 78 (7) Prevention and Treatment coagulation, fibrinolysis, and bone turnover
of Osteoporosis’
Observational studies
Majima et al*® 50 RLX 60 mg/day, 50 72 (10) 52 L-BMD =2.5 SD of YAM and Assess effects of RLX on bone turnover, BMD,
‘ Japanese diagnostic criteria’ and lipid metabolism
Majima et al¥? 68 RLX 60 mg/day, 68 70 (9) 52 L-BMD =2.5 SD of YAM and Assess associations between baseline bone
Japanese diagnosﬁic criteria turnover and BMD and their changes 52 weeks
after treatment
Majima et al*® 73 RLX 60 mg/day, 73 70 (9) 52 L-BMD =2.5 SD of YAM and Assess associations between short-term
Japanese diagnostic criteria® reduction in bone turnover and BMD changes
Urushihara et al* 7,557 RLX 60 mg/day, 6,970' 70 (9 520 NR: Compare risks of stroke and stroke death
: between RLX and general female population
Takada et al** 198 RLX 60 mg/day, 198 63 (8) 104 Japanese diagnostic criteria® Clarify effects of RLX on proximal femoral
' : geometry
likuni et al* 7,557 RLX 60 mg/day, 6,967 (safety)' 70 (9) 156 Japanese diagnostic criteria Assess effectiveness and safety of long-term
RLX 60 mg/day, 2,784 (efficacy)’ 70 (9) RLX use
Takada et al®® 45 RLX 60 mg/day, 45 67 (5) 52 Japanese diagnostic criteria¢ Assess correlations between bone turnover
. and proximal femur geometry
Yoh et al# 536 RLX 60 mg/day, 506! 71 (9) 24 Japanese diagnostic criteria? Assess effect of RLX on QOL and pain

Notes: °A total of 302 participants were randomized, but only 284 participants were started on the study drug; ®n=90 for the RLX60 group and n=93 for the RLX 120 group; ‘as reported by Morii et al’5; Orimo et al*’; ®n=22 for the RLX
group and n=20 for the RLX + ALF group; ‘control patients (age-matched) did not receive placebo medication, but did receive vitamin D (0.5 pg/day); ®n values are for the modified intent-to-treat population; of the 170 participants who
provided consent, |69 were randomized and 133 received treatment; the 36 participants who were randomized but did not receive treatment either withdrew their consent or dropped out of the study; "n=18 for the RLX am group and
n=17 for the RLX pm group; '‘Committee of Japanese Guidelines for the Prevention and Treatment of Osteoporosis'?; 'n=58; n=63; 'participants eligible for analysis; "n=6,963; "median follow-up was 366 days.

Abbreviations: ALF, alfacalcidol; ALN, alendronate; BMD, bone mineral density; ELD, eldecalcitol; HRT, hormone-replacement therapy (estriol | mg/day and medroxyprogesterone 1.25 mg/day); L-BMD, lumbar spine BMD; NR, not

reported; PTH, parathyroid hormone; QOL, quality of life; RLX, raloxifene; SD, standard deviation; YAM, young average mean.
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Table 2 Studies reporting mean (SD) percentage change in bone mineral density or-mean (SD) bone mineral density (g/cm?) of the
lumbar spine, femoral neck, total hip, or total neck after 52 weeks of RLX treatment?

Authors Therapy Lumbar spine Femoral neck Total hip Total neck
' k % or glem? % or glem? % or glcm? % or glem?
Randomized controlled trials :
Morii et al** RLX 29 (NRy=s2 NM NM NM
Iwamotg et al*! RLX +2.4 (NR) NM NM NM -
R ALN 480 (NR)™ NM NM NM
Majima et al** RLX S 463 (5.8 408 (63) NM +2.1 (5.3)
E RICHALF 449 (7.7)%* 130 (17.4) NM +18(7.9)
Gorai et al” RLX +3.0 (NR)* NM NR (NR) NM
SR ALF +0.7 (NR) NM NR (NR) NM
: RLX+ALF 446 (NR)* NM +2.0 (NR) NM
Gorai et al? RLX +2.9 (4.3)** NM +1.6 (3.5)* NM
ALF ~0.3 (4.4) NM ~0.1 (3.8) NM
RLX + ALF +4.1 (3.5)k NM +1.2 (4.1) NM
Observational studies ¢
Majima et al* RLX 0.67 (0.14), 0.72 (0.13)* 0.54 (0.10), 0.56 (0.10) NM 0.60 (0.12), 0.61 (0.13)
Majima et a”’ RLX 0.67 (0.12), 0.70 (0.12)** 0.55 (0.10), 0.55 (0.10) ‘NM NM
Majima et al*® RLX 0.67 (0.12), 0.70 (0. 12y 0.55 (0.09), 0.55 (0.09). NM 0.60 (0.11), 0.61 (0.12)
likuni et al*® RLX +2.9 (NRy# NM ”‘ O NM NM

Notes: *P<0.05, #P<0.01, and **P<0,00! indicate significant differerices from baseline; *data from two studies reporting bone mineral density (BMD) ﬁndmgs were not
included in this table because BMD findings were of other regions in the hip;**3? bpatients received either RLX 60 mg/day or RLX 120 mg/day, n=183.
Abbrev:atuons ALF, a!facaludo! ALN, alendronate; NM not measured NR not reported; RLX, raloxufene, SD, standard devvatlon

postmarketing surveillance study, was sufficiently powered
to detect the incidence of vertebral fractures.”’ Findings from
this study suggested that after 36 months of treatment with
raloxifene, the incidence of new clinical vertebral and non-
vertebral fractures in postnaehbpauéal women is low. Of the
6,967 participants, 36 (0.5%) reported new clinical vertebral
fractures and 52 (0.7%) reported new clinical nonverte-

bral fractures * Nearly half of these participants had prevalent :

fractures: 17 of the 36 part1c1pants (47%) with new clinical
vertebral fractures and 19 of the 52 participants (37%) with
~new clinical nonvertebral fractures.
- Ina Slnaller randomized placebo-controlled study, few
'pbs’tmeﬁopausal women taking raloxifene (60 mg/day or

120 mg/day) had a new vertebral fracture (0.05%, one of -

183, versus placebo 2%, two of 97) or a new nonvertebral
 fracture (0.05%, one of 183, versus placebo 4%, four of 97)
 after 52 weeks of treatment.*® In addition, ﬁndmgs from
another randomized study suggested that the incidence of
vertebral fractures was not significantly different between
pkosjtmenopausal women taking raloxifene (13.1%, n=61)
- and alendionate (14.0%, n=61).»!

Blochemlcal markers of bone turnover
Fmdmgs for biochemical markers of bone turnover were
reported in eleven of the 15 publications: publications from
six randomized controlled trials?*-**35 and five observa-
tional studies.’*# The biochemical markers were alkaline

phosphatase or bone-specific alkaline phosphatase (BAP;
ten publications), type 1 collagen N-telopeptide (NTx; ten
publications), type 1 collagen C-telopeptide (CTx; three
publications), osteocalcin (one publication), tartrate-resistant
acid phosphatase (one publication), and deoxypyridinoline
(one publication) (Table 3). Findings were reported as the
percentage change in concentration from baseline to 52 ‘weeks
or concentration at basehne and at 52 weeks.

Concentrations of all biochemical markers of bone turnover
assessed decreased after 52 weeks of treatment with raloxifene
(Table 3). The decreases in the biochemical marker concentra-
tiQnSfrom baseline were statistically significant when statistical
significance was reported. When reported, the mean percentage
decrease in concentrations after 52 weeks of treatment with
raloxifene varied from 10%°! to 38%* for BAP and 13.5%
to 35%%3! for NTx. In the randomiied ~comparative trial of

 raloxifene and alendronate, *! the mean percentage decre eases

in serum alkaline phosphatase concentrations after 52 weeks
of treatment and urinary NTx concentrations after 12 weeks of
treatment were less for raloxifene than alendronate (alkalme
phosphatase not significant, NTx P<0.05, Table 3). In the
randomized comparative trials of raloxifene and alfaca101dol
the effect of raloxifene on BAP, NTx, and CTx concentrations
was more pronounced than that of alfacalcidol after 52 and
104 weeks of treatment,” and was less pronounced, similar
to, or more pronounced than that combmatlon treatment with
raloxifene and alfacalcidol (Table 3).23233
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Table 3 Studies reporting mean (SD) percentage change in or mean (SD) concentrations for biochemical markers of bone turnover
after 52 weeks of RLX treatment ’

Authors Therapy Serum BAP CTx NTx
(% or VU/L) (% or uglL) (% or nmol BCE/L)

Randomized controlled trials
Morii et al®»° RLX NR (NR)*#* NR (NR)#¥#*< NR (NR)#¥#ke

RLX (120 mg/day) NR (NR)*** NR (NR)*¥#c NR (NR)#¥#*e
Iwamoto et al’! ALN ~18 (NR)##id NM ~45 (NR)#*#kce

RLX —10 (NR)#ekd NM ~35 (NRY#bkee
Majima et a RLX 20 (37)* NM ~29 (20)*

RLX + ALF =20 (29)** NM =25 (17
Gorai et al?’¢ RLX -22 (NR) —37 (NR) NR (NR)¢

ALF . NR (NR) NR (NR)¢ NR (NR)¢

RLX + ALF -37 (NR) ~42 (NR)* —35 (NR)
Gorai et al’?® RLX NR (NR)* NR (NR)##*e NR (NR)#¥ke

ALF NR (NR) NR (NR) NR (NR)

RLX + ALF NR (NR)*#* NR (NR)*¥*e NR (NR)#*#e
Ando et al*%s" Al -32(-43 to —2'2)i NM NM

- RLX am —26 (-39 to —13)' NM NM

RLX pm ~38 (=55 to =21’ NM NM -
Observational studies
Majima et al* RLX 33 (16), 24 (9)** NM 19 (6), 14 3y
Majima et al*’ RLX 33 (17), 23 (9)** NM 19 (5), 14 (3)**
Majima et al*® REX 33 (16), 24 (9y** NM 20 (5), 14 (3)*+
likuni et al*i RLX NR (NR)#*#* NM NR (NR)#¥#*e
Takada et al*%s RLX NM NM —13.5 (NR)*

Notes: *P<0.05, ¥*P<0.01, and ¥*P<0.00! indicate significant differences from baseline; *study presented data of biochemical markers of bone turnover in figures, but did
not report specific values in the figure or results text; *osteocalcin levels were also measured in this study; statistically significant (P<0.001) reductions from weeks 0 to 52
were reported; <urinary levels tested; “serum alkaline phosphatase levels were measured; “mean (SD) percentage change for NTx is from week 0 to week 12; ‘serum levels
tested; sauthors did not specify the value of statistical significance for bone biochemical marker reductions; "tartrate-resistant acid phosphatase levels were also measured
in this study; the mean (95% ClI) percentage change from week 0 to 52 was ~27 (~33 to -21) mU/dL for all postmenopausal women, ~3| (—40 to ~22) mU/dL for the RLX
am group, and 23 (=32 to —14) mU/dL for the RLX pm group; ‘values are means (95% Cl); lurinary deoxypyridinoline levels were also measured in this study; statistically
significant (P<<0.001) reductions from week 0 to 52 were reported; “values are medians; median percentage change for NTx is from week 0 to week 26.

Abbreviations: ALF, alfacalcidol; ALN, alendronate; BAP, bone-specific alkaline phosphatase; BCE, bone collagen equivalents; CTx, type | collagen C-telopeptide; NM, not

measured; NR, not reported; NTx, type | collagen N-telopeptide; RLX, raloxifene 60 mg/day; SD, standard deviation; Cl, confidence interval.

Hip structural geometry

Findings for the hip structural geometry in the proximal
femur were reported in two of the 15 publications, both
of which were prospectlve observational studies.?** The
hip-structure analysis parameters were the cross-sectional
area, mean cortical thickness, section modulus and buckling
ratio of the narrow neck, intertrochanter, and shaft regions
of the proximal femur; one publication reported the inner
diameter,* and the other reported the outer diameter.?* Find-
ings were reported as the mean (95% confidence interval
[CI]) percentage change in parameters from baseline to
52 weeks in both publications and from baseline to 104 weeks
in one publication.**

Nearly all hip-structure analysis parameters for the inter-
trochanter and shaft regions of the proximal femur improved
significantly after 52 weeks of treatment with raloxifene.
For the intertrochanter and shaft regions, there were signifi-
cant (P<<0.05) increases in the cross-sectional area, mean
cortical thickness, and section modulus after 52 weeks?»¥

and 104 weeks* of raloxifene treatmeht. In addition, there
was a significant (P<<0.05) decrease in the buckling ratio
of the intertrochanter and shaft regions in one publication®
and in the intertrochanter region in the other publication.?*
However, this difference for the intertrochanter region was
not significant at 104 weeks.? In contrast, only a few hip-
structure analysis parameters for the narrow neck regions for
the proximal femur had improved significantly after 52 weeks
of treatment with raloxifene.?* These significant improve-
ments (P<0.05) included increases in the cross-sectional
area, section modulus, and outer diameter.?*

Blood-lipid parameters

Findings for blood-lipid paratneters were reported in five of
the 15 publications, including publicatidns from four random-
ized controlled trials®'*3° and one prospective observational
study.*® The blood-lipid parameters were total cholesterol
(four publications), high-density lipoprotein cholesterol (five
publications), low-density lipoprotein (LDL) cholesterol
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Table 4 Studies reporting mean (SD) percentage change in blood—lipid parameters or mean (SD) blood-lipid parameters after 52

weeks of RLX treatment

HDL-cholesterol LDL-cholesterol

Authors Therapy Total cholesterol Triglyeerides
. % or mgldL % or mg/dL % or mgldL % or mgldL
Randomized controlled trials ’ ' b
Morii et al® RLX NR (NRy** NR (NR) NR (NR) NR (NR)#
,, RLX (120 mg/day) NR (NR)** NR (NR) NR (NR) NR (NR)*s
Iwamoto etal’’  RLX ~3.9 (NR)# +7.4 (NR) +5.1 (NR) ~7.7 (NRy#=
AN ~2.1 (NR) ~34 (NR) ~0.4 (NR) +0.4 (NR)
Majima et al”? RLX 202 (39), 184 (30 133 (74), 125 (58) 57 (14), 53 (11) 119 (38), 106 (24)
o RLX + ALF 210 (29), 199 (28)* 144 (58), 124 (72) 57 (15), 56 (15) 125 (30), 118 (27)
Hayashi et al** RLX “NR (NR), NR (NR) 95 (24), 86 (11) 56 (6), 64 (7)* 113 (14), 102 (I5)
HRT NR (NR), NR (NR) 96 (25), 97 (18) 57 (5), 56 (8) H2.(11), 114 (13)
Control NR (NR), NR (NR) 97 21), 95 1) 57 (5), 56 (6) 119 (1), 125 (9)

Observational studies

Majima et al* RLX 204 (32), 192 (31)*

123 (66), 122 (63) 55 (13), 54 (1) 125 (33), 113 (27)*

Notes: #P<<0.05, ¥P<<0.01, and **P<0.00! indicate significant differences from basehne “statistical significance is for differences between placebo and RLX groups at

week 52.

Abbreviations: ALF, alfacalcidol; ALN, alendronate; HDL, high-density Ilpoprotein HRT, hormone-replacement therapy; LDL, low-density lipoprotein; NR, not reported;

RLX, raloxifene 60 mg/day; SD, standard deviation.

(five pdblications}, and triglyceridesd (five publications)
(Table 4). Findings were reported as the percentage change
in concentration from baseline to 52 weeks or concentration
at baseline and at 52 weeks.

In general, the blood-lipid profile of partlerpants had

improved after 52 weeks of treatment with raloxifene
(Table 4). Decreases in the concentrations of both total cho-

lesterol and LDL cholesterol from baseline concentrations
were reported in all publications reporting findings of these
parameters. These decreases were statistically significant for
total cholesterol concentrations in three publications™*** and
'LDL cholesterol concentratlons intwo pubhcatrons 3136 The
'concentratlon of hlgh densn:y hpoplotem cholesterol was
s1gn1ﬁcantly mcreased (P<O 05) in one pubhcatlon  but
remamed the same in the four other publications (Table 4).
The concentratlon of tnglycerldes elther decreased or
remamed the same (Table 4). '

In the random1zed controlled tr1a1 decreases in total cho-
lesterol concentra’aons and LDL cholesterol concentratlons
were 31gnrﬁcantly greater (P<O 05) for part1c1pants rece1v1ng
raloxifene (60 mg/day and 120 mg/day) than those recelvmg
placebo after 52 weeks of treatment.® In the randomized
comparative trial of raloxifene and alendronate, decreases

“inLDL cholesterol concentratlons were s1gmﬁcantly greater
(P<0 05) for part1c1pants reeelvmg raloxifene than those
recelvmg alendronate after 52 weeks of treatment 3!

Safety
Fmdrngs for safety variables were reported in 12 of
the 15 publications: publications from six ‘randomized

controlled trials**-**% and six observational studies.?¢-3840-42
Safety variables were the'type incidence, and Severity
of AEs (four publications) (Table 5), study discontinu-
ations resulting from: AEs (nine pubhcatlons) (Table 6)
stroke risk (one publication),” and change in markers of
coagulation and fibrinolysis (one publication).’* Three
publications from one randomized controlled trial* and
two observational studies?*** d1d not report ﬁndmgs for
_ any safety variables. . o
The type, incidence, and seventy of AEs were reported in
four publications from two randomized controlled trlals2935
and two observational studles 4942 both of which were
postmarketmg survelllanyce studies (Table 5). The safety
findings were consistent with those expected for raloxifene
use in Japan.* In the randomized placebo-controlled trial,*
almost half of the participants reported at least one AE,
‘whereas about 10% of the participants in the long-term
postmarketing surveillance study reported an AE.* Few
‘poé’tmenopaus!al women had hot flushes, leg cramps, breast
pain, or vaglnal bleedmg (when reported) in the randomized
trials (Table 5) Clinically relevant abnormal changes in
' breast tissue were reported in one woman taking raloxifene
120 mg/day (1nspectlon and palpatlon) and in one woman
taking placebo (ultrasound examination) in the randomized
placebo -controlled tnal 3 In addition, chmcally relevant
‘abnormal changes in endometrial th1ckness were reported
in two women takmg raloxifene 60 mg/day and one woman
‘takmg raloxifene 120 mg/day. 3 Common AEs reported in
the postmarketlng surveillance studies were per1pheral edema
and abdominal discomfort (Table 5). ‘
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Table 5 Adverse events (AEs)

Authors Therapy (n) AEs Serious AEs Death Other
n n n
Randomized controlled trials
Morii et al’ RLX (92) 32 5 0 No significant increases in incidence of hot flushes, leg cramps,
RLX (120 mg/day) (95) 40 3 I breast pain or vaginal bleeding between RLX and placebo
Placebo (97) 33 7: 0 groups; no VTE events reported .
Gorai et al®< RLX (45) 17 NR NR Hot flush I, leg cramp 2, limb cramp 2
ALF (44) I NR NR Hot flsh |
RLX + ALF (48) 13 NR NR Leg cramp 2
Observational studies :
likuni et al® RLX (6,967) 7764 764 Stroke 12 (8 serious), VTE 11 (3 serious)
Most frequent AEs: peripheral edema 45, abdominal
discomfort 39, abdominal pain 33
Yoh et al? RLX (506) : 34° | Most frequent AEs: abdominal discomfort 6, peripheral edema 3

Notes: *Seven participants reported nine serious AEs; "death caused by anaplastic thyroid cancer; not related to RLX; adverse events were self-reported or observed;
9961 AEs were reported in 775 participants, and 87 serious AEs were reported in 76 participants; *40 AEs were reported in 34 participants.
Abbreviations: ALF, alfacalcidol; NR, not reported; RLX, raloxifene 60 mg/day; VTE, venous thromboembolism.

In a postmarketing surveillance study of 6,970 post-
menopausal women, the risk of stroke was not significantly
increased after 52 weeks of treatment with raloxifene.*! In
this study, 23 treatment-emergent stroke cases were reported
(crude stroke risk =0.33%). Of these 23 cases, four had a
previous history of stroke, nine had risk factors for stroke
(eg, hypertension), and ten had no risk factors for stroke. Four
women died as a result of stroke.*! In another postmarketing
surveillance study of 6,967 postmenopausal women, there

Table 6 Study discontinuations

were 12 cases of stroke, eight of which were serious, after
156 weeks of treatment with raloxifene.*

Although no VTE events were reported in the random-
ized placebo-controlled trial, there were eleven cases of
VTE, three of which were serious, in the 3-year postmar-
keting surveillance study (Table 5). In another publication,
the concentration of plasminogen-activator inhibitor, a
marker for the increased risk of VTE, was increased after
52 weeks of treatment with raloxifene.®® This increase in

Authors Therapy (n) Overall Because of AEs AE type
n n n
Randomized controlled trials
Morii et al® RLX (92) 13 7 NR
RLX (120 mg/day) (95) 14 8 NR
Placebo (97) 10 3 NR
Iwamoto et al*! RLX (61) 9 6 Epigastric pain 4, liver dysfunction |, urticaria |
ALN (61) 11 8 Epigastric pain 3, gastric ulcer |, heartburn |, liver dysfunction 1,
‘ ) diarrhea |, constipation |
Majima et al*? RLX (32) 10 2 Muscle pain entire body 1, leg cramps |2
RLX + ALF (28) 8 2 Increased BP |, leg cramps 1° )
Gorai et al® RLX (45) NR 7 Itching paresthesia 2, limb cramp 2, leg cramp 2, alopecia areata |
ALF (44) NR 5 Hypercalciuria 4, hot flash |
RLX + ALF (48) NR 6 Digestive symptoms 3, leg cramp 2, angina attack |
Gorai et a2 RLX (42) NR 7 Itching paresthesia 2, limb cramp 2, leg cramp 2, alopecia areata |
ALF (46) NR 5 Hypercalciuria 4, hot flash |
RLX + ALF (45) NR 6 Digestive symptoms 3, leg cramp 2, angina attack |
Ando et al® RLX am (20) 4 3 Muscle pain |, headache |, loss of fingernails |
RLX pm (19) | | Hot flush |
Observational studies : :
Majima et al* RLX (50) 16 4 Leg cramps 2, muscle pain entire body |, increased BP |?
Majima et al¥ RLX (68) 10 2 Leg cramps |, muscle pain entire body 1? '
Majima et al® RLX (73) 10 2 Leg cramps |, muscle pain entire body |*

Note: *AEs resolved spontaneously with cessation of RLX.

Abbreviations: AEs, adverse events; ALF, alfacalcidol; ALN, alendronate; BP, blood pressure; NR, not reported; RLX, raloxifene 60 mg/day.
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plasminogen activator-inhibitor concentration was noted for
participants taking raloxifene in the morning, but not those
taking raloxifene in the evening, suggesting that dosing
time may have influenced the safety of raloxifene in this
study population.

Study discontinuations resultmg from AEs werereported

in nine publications from six randomlzed control]ed“'
trials?**% and three observational studies (Table 6),3638

Few participants discontinued treatment because of AEs; leg
and limb cramps, and muscle pain were the most common
reasons for participants discontinuing raloxifene treatment
(Table 6).

Quahty of hfe and pam

Findings for quality of life and pain were reported in one
publication from a postmarketing surveillance study.” In
this publication; quality of life was assessed using the Short
Form (SF)-8 Health Survey, the European Quality of Life
Instrument, and the Japanese Osteoporosis Quality of Life
Questionnaire, whereas pain was assessed using a visual
analog scale and a pain-frequency survey. Findings were
reported as the mean (standard deviation) change in scores
from baseline to 24 weeks.

Improvement in quality of life and relief from pain was
reported after 24 weeks of treatment with raloxifene.? All
scores for the SF-8 domains (general health, physical func-
tioning, role physical, bodily pain, vitality, social functioning,
mental health, and role — emotional) improved significantly

(P<0.001) from baseline, as did the European Quality of

Life Instrument score. Significant improvements (P<<0.05)
in the total score and the scores of individual domains,
except for the recreation/social activities domain, for the
Japanese Osteoporosis Quality of Life Questionnaire were
also reported. Relief from pain was indicated by a significant
decrease (P<<0.001) in pain severity (decreased visual analog
scale scores) and decreases in the frequency of pam (fewer
part1c1pants reportmg [permanent frequent pam)

Discussion . ,

This is the first systematic review describing the efficacy,
effectiveness, and safety outcomes of postmenopausal
Japanese women with osteoporosis or osteopenia treated
with raloxifene. Overall, a broad range of outcomes were
reported for raloxifene (eg, BMD, bone turnover, lipid
metabolism, AEs) in random1zed controlled studles and
observational studies, which included postmarketmg sur-
veillance studies. Desplte the varlatlon in study demgns and

methods reported, the body of evidence in this systematic
review supports the effectiveness of raloxifene in increasing
lumbar spine BMD and reducing the incidence of subsequent
fracture, is associated with improvements in other health-
outcome measures, and is well tolerated in postmenopauszil
Japanese women. When reported, lumbar spine BMD
increased significantly,%1-33.39-3840 aﬁd,bibéhemical‘markers
of bone turnover decreased after 52 weeks of treatment with
raloxifene.?-3%% However, limited data were available to
confirm whether these improvements in bone quality were
associated with a reduction in the incidence of vertebral or
nonvertebral fracture in postmenopausal Japanese women.
The AEs reported in the studies included in this review
were consistent with the safety profile of raloxifene use in
Japan.*

In bone cells, where postmenopausal estrogen deficiency
has caused an imbalance in bone turnover (excess resorption
versus formation), raloxifene binds to estrogen receptors

“and induces conformational changes that are distinct from
the binding of estrogen.* Raloxifene then acts as an agonist
to decrease bone resorption and normalize bone turnover,
thereby preserving BMD. In the MORE (Multiple Outcomes
of Raloxifene Evaluation) study (a pivotal multicenter,
international; blinded, randomized, placebo-controlled
trial of 7,705 postmenopausal: women with osteoporosis
from Europe, the Americas, and Oceania),* raloxifene was
shown to increase BMD, improve bone strength, and prevent
vertebral fractures, but not to r'educe,'t'hé risk of nonverte-
bral fractures as a primary outcome.”’* In our systematic

~ review, the increase in lumbar spine BMD and decrease in

biochemical markers of bone turnover in postmenopausal
Japanese women support the findings from the pivotal stud-
ies of raloxifene conducted in Caucasian populations. 4148 In
another publication excluded from our review (because it
was published in a non-peer-reviewed journal), the increase
in lumbar spine BMD reported for raloxifene was 7.1% at
26 weeks.* In this study, ralox1fene was coadmlmstered with
eldecalcitol, an active vitamin D, analog, which has been
shown to enhance the mechanical properties of trabecular
and cortical bone by suppressing bone turnover and increas-
ing BMD more than either monotherapy in ovariectomized
rats.*® Although in our review there were few head-to-head
studies of raloxifene compared with other osteoporosis
medications, the data available suggest that the effect of ral-
oxifene on BMD and biochemical markers of bone turnover
was not as pronounced as that of alendronate.! However,

it is not clear how these ﬁndmgs translate to any potential
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differences in the effect of raloxifene on new vertebral
fractures, because of the limited length of follow-up (52
weeks) and because this study was not sufficiently powered
to assess incidence of vertebral fracture.’!

We‘identiﬁed only one publication sufficiently powered
to detect vertebral fracture incidence. In this postmarketing
surveillance study® of Japanese women with osteoporosis
treated with raloxifene, the low incidence of vertebral
fractures was consistent with findings from the MORE
study**$ and a post hoc analysis of combined study data
from postmenopausal Japanese® and Chinese women with
osteoporosis.? Interéstingly, the incidence of new clinical
nonvertebral fractures (0.7%) was slightly higher than new
clinical vertebral fractures (0.5%) in the postmarketing
surveillance study.* This finding may have been due to the
criteria used to define new clinical fractures (reported signs
or symptoms suggestive of f/racture subsequently corrobo-
rated by radiographs) that excluded vertebral morphometry,
which may have identified more patients with a vertebral
fracture, In the post hoc analysis, which was not included
in this systematic review because the analysis combined
data from both Japanese and Chinese populations, the
incidence of new clinical vertebral fractures was sig-
nificantly lower for postmenopausal J apanesé and Chinese
women 'tak,ing raloxifene (60 mg/day or 120 mg/day)
than those taking placebo (0 of 289 versus seven of 199
[3.5%], P=0.002).®

Treatments that help improve lumbar spine BMD and
bone quality and consequently reduce the incidence of ver-
tebral fracture (which includes preventing or reducing the
risk of subsequent vertebral and/or nonvertebral fractures)
are important in Japanese populations. This is because the
incidence of vertebral fractures in Japanese women appears
to be higher than in Caucasian women. In studies using
similar morphometric methods, the incidence of vertebral
fracture in the Japanese study was about 40 per 1,000
person-years for women in their 70s,'* whereas the incidence
in studies of Caucasian women of a similar age are about
twofold lower.!s1”5! In another study, the prevalence of
vertebral fracture in 70- to- 74-year-old women was greater
in Japanese women (248 cases per 1,000) than women of
Japanese descent (148 cases per '1,000) or Caucasian women
(150 cases per 1,000).>> The higher incidence of vertebral
fractures for Japanese women is also apparent compared
with women from other Asian countries. The prevalence
of vertebral fractures was significantly greater in women
aged 65-74 years from Japan than those from Hong Kong,

Indonesia, and Thailand.*® Factors specific to the Japanese
lifestyle, culture, and ethnicity may influence the risk of
fracture in Japanese women.** For example, BMD is lower
in Jépémese women than Caucasian women of the same
age.”> Other factors shown to be possibly associated with
vertebral fractures in Japan include weight, age, menstrual
history,* genetic factors,”” bone and calcium metabolism,*
calcium intake,® and vitamin D levels.®® All of these factors
contribute to BMD levels, and thus may indirectly influence
the pfevalence of vertebral fractures. Howevér, although
these other factors may contribute indirectly, future fracture
risk in women from Japan can be accurately predicted using
age, BMD, and prior vertebral fracture status.®!

Findings from this review showed that although proxi-
mal femur structural geometry imprbved with raloxifene
treatment,’**° the effect of raloxifene on the BMD of
the fgmoral neck, total hip, total neck, or other regions
of the hip in postmenopausal Japanese women was
variable.?#?%32:33363 Thig variable effect on BMD in the
hip region may be explained, at least in part','by partici-
pants having different BMD values for the hip region at
baseline, because specific BMD values for the hip region
were not an inclusion criterion in studies reporting these
ﬁndin'gs.24’2"”32»33’36’39 Hip-structure analysis is a valuable
measure of proximal femur geometry and strength® that
has been used to showage-, ethnic-, and sex-related differ-
ences in proximal femur geometry and strength,-7 as well
as the effects of Ostéoporotic treatments.?%*7! The findings
from the studies that assessed hip structure?® suggest that
raloxiféne may have a beneficial effect on hip-bone quality.
However, although this effect may‘ translate to a reduc-
tion in the likelihood of hip fracture, there is no published
evidence available to show that treatment with raloxifene
reduces the incidence of hip fracture in postmenopausal
women with osteoporosis.

The safety and tolérability findings in the publications
included in this review suggested that raloxifene was well
tolerated in most postmenopausal women in Japan. Few
postmenopausal women discontinued because of AEs, and
few postmenopausal women experienced AEs commonly
associated with 'raloxifene use, such as leg cramps, hot
flushes, and peripheral edema.”? The main safety concern
of treatment with raloxifene is an increased risk of VTE.”
Although the incidence of VTE in clinical studies of ralox-
ifene is low, findings from the pivotal MORE study, which
excluded women with a history of thromboembolic events in
the past 10 years, showed that the relative risk of VTE was
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