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Abstract New assessment guidelines for osteoporosis in
Japan include the use of the WHO risk assessment tool
(FRAX) that computes the 10-year probability of fracture.
The aim of this study was to determine the distribution of
fracture probabilities and to assess the impact of probability-
based intervention thresholds in women from Japan aged
50 years and older. Age-specific simulation cohorts were
constructed from the prevalences of clinical risk factors and
femoral neck bone mineral density to determine the distri-
bution of fracture probabilities as assessed by FRAX. These
data were used to estimate the number and proportion of
women at or above a 10-year fracture probability of 5, 10, 15,
20, 25, and 30 %. In addition, case scenarios that applied a
FRAX probability threshold of 15 % were compared with
current guidance. In the absence of additional criteria for
treatment, a 15 % fracture probability threshold would
identify approximately 32 % of women over the age of
50 years (9.3 million women) as eligible for treatment.
Because of expected changes in population demography, the
15 % fracture probability threshold would capture approxi-
mately 38 % of women over the age of 50 years (12.7 million
women), mainly those aged 80 years or older. The intro-
duction of a FRAX threshold of 15 % would permit treatment
in women with clinical risk factors that would otherwise fall
below previously established intervention thresholds. The
incorporation of FRAX into assessment guidelines is likely to
redirect treatments for osteoporosis from younger women at
low risk to elderly women at high fracture risk.
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Introduction

FRAX® is a computer-based algorithm (http://www.shef.
ac.uk/FRAX) that provides models for the assessment of
fracture probability in men and women [1, 2]. FRAX uses
easily obtained clinical risk factors to estimate fracture
risk. The estimate can be made with the input of clinical
risk factors alone or with bone mineral density (BMD). In
addition to fracture risk, FRAX uses Poisson regression to
derive hazard functions of death. These hazard functions,
which are continuous as a function of time, permit the
calculation of the 10-year probability of hip, clinical spine,
humerus, or wrist fracture and the 10-year probability of
hip fracture. Models need to be calibrated to the epidemi-
ology of fracture and death in the intended country of use,
and a FRAX model has been available in Japan since 2008
[3]. About 45,000 calculations of probability are made in
Japan yearly on the website and many more on handheld
calculators and from the output of densitometers.

A major application of FRAX® has been in the clinical
assessment of patients and has prompted the revision of
guidelines that are based wholly or partly on fracture
probability [4, 5]. The use of FRAX in clinical practice
demands a consideration of the fracture probability at
which to intervene, both for treatment (an intervention
threshold) and, in some countries, for BMD testing
(assessment thresholds) [6]. Many approaches have been
used to set intervention thresholds that depend critically on
local factors such as reimbursement issues, health eco-
nomic assessment, willingness to pay for health care in
osteoporosis, and access to BMD [2, 6—15]. For this reason
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it is not possible or desirable to recommend a unified
intervention strategy. Thus, the incorporation of FRAX into
guidelines and the provision of intervention thresholds has
been approached differently in different regions of the
world, variously using a fixed probability threshold (e.g.,
USA, Canada, Sweden) or an age-dependent threshold
(e.g., UK, Switzerland).

The Japanese Osteoporosis Society has recently revised
its clinical guidelines for the assessment of osteoporosis;
these include the use of FRAX thresholds [16]. A threshold
probability of 15 % for a major osteoporotic fracture was
included as one of several intervention thresholds. Against
this background, the aim of the present report was to
examine the potential burden of disease in the female
population designated to be at high risk on the basis of
FRAX probabilities of fracture.

Materials and methods

The probability calculations were made using FRAX
(version 3.4) calibrated to the epidemiology of Japan [3].
All estimates were for the probability of a major osteopo-
rotic fracture (clinical spine, hip, forearm, or humerus
fracture). Femoral neck BMD was included in the calcu-
lations. Body mass index was set at 24 kg/m? corre-
sponding to the mean BMI of the Japanese cohorts used in
the construction and validation of FRAX.

The distribution of probabilities in the postmenopausal
Japanese population was undertaken using simulation
samples of 10,000 women in each 5-year age interval from
the age of 50 years. Simulations were used to provide age-
specific data that reproduced the prevalences of the clinical
risk factors (e.g., at the age of 65 years rather than in
women aged 65 years or more). The estimates assumed
that the distribution of the risk score and BMD was the
same in Japanese women as that of the population-based
cohorts used to synthesise the FRAX algorithms [17, 18].
Femoral neck BMD was converted to a 7-score using the
young female reference data published in the third National
Health and Nutrition Examination Survey (NHANES III)
[19].

These distributions were used to estimate the number
and proportion of women at or above a 10-year fracture
probability of 5, 10, 15, 20, 25, and 30 %. Simulations of
greater numbers of women (up to 100,000) indicated that a
population size of 10,000 at each age interval was robust in
terms of comparing populations. The results for each age
were then applied to the population of Japan. For popula-
tion demography, we used data for 2010 supplied by the
UN using the medium variant [20]. The same source was
used to determine the extent that changes in the demog-
raphy of the Japanese population over the next 25 years

would affect the number of women designated to be at high
risk as judged by FRAX probabilities.

We additionally estimated fracture probabilities in
individual patient scenarios in the context of the existing
assessment guidelines revised in the year 2000. In Japan,
the criteria for the diagnosis of osteoporosis prepared by
the Japanese Society for Bone and Mineral Research were
based on BMD measurements expressed as a percentages
of the young adult mean (YAM) for women [21, 22]. In
women with no prior fragility fracture, a diagnosis of
osteoporosis is made when BMD is <70 % of YAM. In
patients with a previous fracture, osteoporosis is diagnosed
when the BMD is <80 % of YAM. These diagnostic
thresholds, derived by maximizing sensitivity and speci-
ficity for fracture detection, are also used as intervention
thresholds. To compare intervention thresholds using YAM
with probabilities derived from the FRAX algorithm, 7-
score equivalents were used. The 7T-score equivalent to 70
and 80 % of YAM for Japanese women was —2.7 SD and
—1.8 SD, respectively, based on the NHANES III reference
values for BMD at the femoral neck.

Results

The impact of using different intervention threshold is
shown in Fig. 1 for postmenopausal women in Japan. At
high thresholds, e.g., >20 % fracture probability, 18.5 %
of postmenopausal women would be eligible for treatment.
A problem that arises is that very few women under the age
of 60 years would ever attain this threshold (<1 %). On the
other hand, if a less stringent threshold were chosen, such
as 10 %, then approximately 5 % of women at the age of
50 years would exceed this threshold, and a majority of
women over the age of 65 years would be eligible and the
treatment threshold would be exceeded in 46 % of all
postmenopausal women. Both scenarios are counterintui-
tive to clinical practice. In the absence of additional criteria
for treatment, the 15 % threshold would identify approxi-
mately 32 % of women over the age of 50 years as eligible
for treatment.

The number of women with FRAX probabilities
exceeding 15 % from the age of 50 years in 5-year age
intervals is shown in Table 1. Of 29.7 million women aged
50 years or more, 9.3 million (31.5 %) had a FRAX
probability of fracture that exceeded the 15 % threshold.

Future projections
In 2010, there were estimated to be 29.7 million women in
Japan over the age of 50 years, representing 46 % of the

total female population. The female population aged
50 years or more is projected to increase by 13 % to 33.7
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Fig. 1 The impact of a fixed treatment threshold in postmenopausal

women in the Japan according to threshold values for the probability
of a major osteoporotic fracture. The left-hand panel shows the

Table 1 The number (in thousands) of women in Japan with a
probability of fracture above a FRAX threshold of 15 % and the total
population of women by age group

Age group Population size Proportion above Number (000)

(years) (thousands) intervention above intervention
threshold (%) threshold
50-55 3798 0.9 34
55-60 4363 3.7 161
60-65 5028 9.6 483
65-70 4220 23.3 983
70-75 3692 449 1658
75-80 3294 67.4 2220
80-85 2578 77.3 1993
85+ 2694 67.3 1813
All ages 29667 31.5 9345

million by the year 2035. However, the population growth
is predominantly confined to the elderly. The growth in
the female population aged 65 years or more is set to
increase from 16.5 million in 2010 to 21.2 million in
2035, an increment of 29 %. The incremental increase
will be even more marked for women over the age of
80 years (+90 %).

The increase in the mean age of the female population
and the increase in the size of the elderly population are
expected to increase the number of women with a fracture
probability that exceeds 15 % in 2035. The total number of
women aged 50 years or more above this threshold will
rise by 3.3 million, from 9.3 million to 12.7 million. Most
of the increase in number will be in the population aged
80 years or more.
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Clinical scenarios

Fracture probabilities equivalent to intervention thresholds
given in the year 2000 guidelines are shown in Fig. 2.
Probabilities at the two intervention thresholds were very
similar; they rose progressively with age up to the age of
80 years and then decreased because of the competing
death hazard in the very elderly. From the age of 70 years,
women eligible for treatment under the 2000 guidelines
also had a fracture probability that exceeded 15 %. In
contrast, below the age of 70 years women with no prior
fracture and a less stringent T-score would be eligible for
treatment if their fracture probability exceeded 15 %.

Table 2 shows some examples of the 10-year probabil-
ities for a major fracture in women who would not be
eligible for treatment under the 2000 guidelines. In women
without a prior fracture and a YAM of 80 %, fracture
probability did not exceed 15 % except at the age of
80 years. In contrast, in women with the same BMD and
fracture status but in the presence of strong risk factors for
fracture, a probability of 15 % or more was seen in all
women from the age of 70 years. Thus, the introduction of
a FRAX threshold of 15 % would permit treatment in
women with clinical risk factors that would otherwise fall
below an intervention threshold.

Discussion

The major application of FRAX is to assess fracture
probability in individuals so that recommendations can be
more accurately made with regard to the treatment of high-
risk individuals, with unnecessary treatment avoided in
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Fig. 2 The 10-year probability of a major osteoporotic fracture at the
intervention thresholds used in Japan. Intervention is recommended at
a YAM of 70 % (a T-score of —2.7 SD at the femoral neck) or, in the
presence of a prior fragility fracture, at a YAM of 80 % (a T score of
—1.8 SD at the femoral neck). The horizontal line indicates a fracture
probability of 15 % (FRAX 3.4, BMI set at 24 kg/m?, no additional
clinical risk factors)

Table 2 Clinical scenarios for women in Japan showing the 10-year

probability of a major fracture (%) by age for a given BMD and the

clinical risk factors indicated (FRAX version 3.3) (BMI set at 24 kg/
2

m°)

Age (years) BMD 80 % YAM BMD 80 % YAM No BMD

No prior fracture Family history RA + GC
50 3.8 7.7 6.3
60 6.1 12 12
70 9.3 15 23
80 16 27 45
90 11 25 42

RA rheumatoid arthritis, GC glucocorticoids

those at low risk. The FRAX algorithms, particularly when
used with BMD, improve the sensitivity of fracture pre-
diction without sacrificing specificity over that provided by
the use of BMD tests alone [18]. Notwithstanding, the
application of FRAX to clinical practice requires the
development of probability-based intervention thresholds,
i.e., the 10-year fracture probability over which treatment
can be recommended. As noted in the Introduction, there is
no invariant method for their development because this will
depend upon many local factors unique to each national
setting. In the case of Japan, the Japanese Osteoporosis
Society has adopted a fixed probability threshold in line
with several other recent guidelines [8, 9, 13].

The present study quantifies the burden of disease in the
Japanese female population according to FRAX and the
implications of using a fixed intervention threshold. The
principal finding is that with stringent thresholds (20 %

probability or above), very few patients would be treated
before the age of 65 years. At the other extreme, if a lax
threshold is chosen, say 5 %, then 40 % of women at the
aged 50-54 years would exceed this threshold, all women
over the age of 75 years would be eligible, and the treat-
ment threshold would be exceeded in nearly 80 % of all
postmenopausal women. Both extremes are counterintui-
tive to clinical practice. Thus, the 15 % threshold provides
a compromise between the undertreatment of younger
individuals and the overtreatment of the elderly.

The present study estimates that there were 9.3 million
women in Japan with a 10-year fracture probability that
was 15 % or higher. The number is set to increase to 12.7
million by 2035. The estimate is conservative because this
was based only on population demography and assumes,
therefore, that the age- and sex-specific incidence remains
unchanged in this interval. Empirical studies have shown
that the hip fracture rates continue to increase in Japan [23,
24], whereas age- and sex-specific incidence has fallen in
the past decade in several countries [25]. It is important to
recognize that the proportion of the population with FRAX
probabilities >15 % should not be misinterpreted to mean
that this represents the population that would be targeted
for treatment only on the basis of FRAX, because this will
depend upon additional factors in the guidance provided,
such as the T-score for BMD, prior fracture, and other
eligibility criteria for assessment as provided in the new
Japanese guidelines. Thus, the impact of new guidelines
needs to take account of these additional criteria.

The present study also highlights the fact that popula-
tions eligible for treatment will differ when individuals are
selected on the basis of densitometric criteria or on the
basis of fracture probability. For example, women under
the age of 70 years without clinical risk factors who are
eligible for treatment by virtue of BMD have fracture
probabilities that are less than the intervention threshold
chosen of 15 % probability (see Table 2). Conversely,
fracture probability will exceed 15 % in some women who
would be ineligible for treatment using densitometric cri-
teria alone. Such anomalies arise because of the imper-
fection of all assessment strategies. Nevertheless, the
introduction of FRAX to guidelines is likely to improve the
current strategy in targeting treatment to women at higher
risk than before.

An important consideration in the use of FRAX is to
determine whether patients identified to be at high risk with
this tool are responsive to intervention. There is now
increasing evidence for the reversibility of risk [26]. One
line of evidence is from the phase III trials in which FRAX-
based probabilities were calculated in post hoc analyses.
These studies examined the interaction between FRAX-
based probabilities with effectiveness. Two of these re-
analyses of clinical trials data have shown greater efficacy
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against fracture in individuals at higher risk treated with
clodronate or bazedoxifene [27, 28]. In a pre-planned
analysis of the FREEDOM trial, greater efficacy against
fracture was also shown in individuals at higher risk treated
with denosumab [29]. In contrast, other studies have shown
benefit of strontium ranelate or raloxifene across a range of
fracture probabilities (with greater absolute risk reductions
in those at higher risk) [30, 31]. For example, the efficacy
of raloxifene does not change with fracture probability and
reduces the risk of a clinical vertebral fracture by 50 %
(95 % confidence intervals, 46-60), an effect comparable
to that at a probability of 10 % (52 %: 95 % CI, 36-64) or
20 % (46 %: 95 % CI, 35-57). These randomized con-
trolled trial (RCT) data strongly suggest that FRAX (with
and without BMD) identifies high-risk patients who
respond to pharmaceutical interventions.

These data are modeled on the demography and epidemi-
ology of Japan, and the distribution of probabilities will vary
from country to country. Thus, the present findings cannot be
directly applied to other countries because of the large heter-
ogeneity in demography, fracture risk, and mortality.

We conclude that a FRAX threshold of 15 % as an
intervention threshold provides a compromise between the
undertreatment of younger individuals and the overtreat-
ment of the elderly. The incorporation of FRAX into
assessment guidelines is likely to redirect treatments for
osteoporosis from younger women at low risk to elderly
women at high fracture risk.
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