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Abstract

The World Health Organization (WHO) recently developed
a fracture risk algorithm (FRAX�) that has fundamentally
changed how clinical Dual X-ray Absorptiometry (DXA)
scans are interpreted. The impact of FRAX on the
community of clinicians who diagnose and treat patients
with osteoporosis almost rivals the introduction of the
T-score two decades ago. We review the clinical utility of
FRAX in this chapter and show how our practice of
DXA interpretation and reporting has changed with its
introduction.

1 Introduction

Many effective pharmacologic treatments are available to
significantly decrease the risk of fracture in men and women
with decreased bone mineral density (BMD) and/or elevated
fracture risk. Determining which patients to treat for low
BMD is a common clinical dilemma. In particular, there is
concern that many patients who have low-trauma fractures
do not have osteoporosis based on DXA-measured BMD
(Pasco et al. 2006; Sanders et al. 2006; Wainwright et al.
2005). Recently, a validated, computer-based tool has
become widely available that can help to determine an
individual’s risk of fracture. Based on 10 clinical risk factors
and BMD of the femoral neck measured by DXA, FRAX is
designed to identify individuals at high risk for osteoporotic
fracture. In many countries, clinical practice guidelines
incorporate FRAX to help identify men and women who
may benefit from pharmacologic therapy.

2 Overview of FRAX

FRAX is a widely used clinical tool that has caused a para-
digm shift in the interpretation of DXA examinations. For
the first time, a quantitative measure of fracture risk can be
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obtained, thereby helping target pharmacologic therapy more
effectively, to those patients who have the highest risk of
fracture. FRAX is a free, internet-based computer algorithm
that can be accessed on its website (http://www.shef.
ac.uk/FRAX). Recently, FRAX has been incorporated into
the DXA scanner software so that FRAX results are
displayed on the same DXA printout as the BMD results
(Fig. 1). Smartphone applications are also available. Since its
release in 2008, fracture risk has been calculated in over six
million individuals (FRAX website accessed 3/2012).

A screenshot of the FRAX website is shown in Fig. 2.
First, the user selects the country where the patient lives.
This data is important because fracture rates and life
expectancy vary significantly in different countries (Kanis
et al. 2002). The current version of FRAX is available for 39
countries including China, Japan, Philippines, South Korea,
Singapore, Taiwan, Austria, Belgium, Czech Republic,
Denmark, Finland, France, Germany, Hungary, Italy, Malta,
Netherlands, Norway, Poland, Romania, Russia, Slovakia,
Sri Lanka, Spain, Sweden, Switzerland, Turkey, United
Kingdom, Jordan, Lebanon, Tunisia, Canada, United Sates,
Argentina, Columbia, Ecuador, Mexico, Australia, and New
Zealand. If a particular country is not included in FRAX, a
similar country should be selected for the analysis. In the
United States, the user then selects one of the four sub-
groups: Caucasian, Black, Hispanic, or Asian.

The user then answers the following questions about the
patient: age, gender, weight, height, previous fracture,
parental hip fracture, current smoking, use of glucocorti-
coids, rheumatoid arthritis (RA), secondary osteoporosis,
and alcohol intake of 3 units or more daily.

Finally, the user enters the femoral neck BMD in g/cm2

and selects the manufacturer of the DXA device used to
measure the BMD. In settings where BMD measurement is
not available, FRAX may be used to calculate fracture risk
without BMD input.

Based on the provided data, FRAX calculates a 10-year
probability of experiencing a hip fracture and a 10-year
probability of experiencing what it terms, ‘‘major osteopo-
rotic fracture.’’ Major osteoporotic fracture includes frac-
tures involving the proximal femur, spine, proximal
humerus, or distal radius.

3 Risk Factors Included in FRAX

Although BMD is an important factor in the assessment of
osteoporotic fracture risk; it is not the only factor. In fact,
nearly half of low-trauma fractures occur in non-osteoporotic
individuals (Wainwright et al. 2005). Many clinical factors
have been recognized as increasing the risk for fracture,
independent of BMD. FRAX incorporates many of these risk

factors in its algorithm, and it accounts for interactions between
various risk factors (Kanis et al. 2007). FRAX, however, does
not utilize every risk factor. For example, uncommon risk
factors are excluded. Additionally, some common risk factors
such as high bone turnover do not have sufficient data to be
included in fracture prediction models. Some risk factors such
as frailty and high frequency of falls are not easily measured.
Some risk factors do not contribute to fracture risk independent
of BMD. FRAX uses only those risk factors that are common,
easily measurable, and have been proven in large epidemio-
logical trials to predict fracture risk, independent of BMD.

3.1 Age

FRAX includes a question about the patient’s date of birth.
It is well established that age and BMD are not only the two
most powerful predictors of fracture risk, but are also par-
tially independent predictors of that risk (Siris et al. 2006).

3.2 Gender

FRAX includes a question about the patient’s gender. It is
well established that gender is an important determinate of
fracture risk (Baron et al. 1996). The lifetime risk of a 50-
year-old woman developing an osteoporotic fracture is
approximately 50 %. The risk for the same age man is 20–
30 %. It is important to recognize that despite the higher
risk of fractures in women, nearly one-third of hip fractures
occur in men (Eastell et al. 1998).

3.3 Height and Weight

The FRAX questionnaire includes the patient’s height and
weight. Individuals with low body mass index (BMI) are at
an increased risk of fracture (De Laet et al. 2005; Felson
et al. 1993). Importantly, decreasing BMI over time may
contribute more to fracture risk than low BMI at a given
time point (Cummings et al. 1995). In the Study of Osteo-
porotic Fractures, women who lost 10 % of their body
weight since age 25 had a hip fracture rate of 15 per 1,000
patient-years, while those who gained more than 50 % of
their body weight had a rate of 1.1 per 1,000 patient-years
(Cummings et al. 1995).

3.4 Previous Fracture

FRAX includes a yes or no question about the patient’s
history of prior fracture. A previous fracture is defined as a
spontaneous fracture in adult life or a traumatic fracture that
would not normally occur in a healthy individual.
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Fig. 1 DXA scan results at the hip in a 67-year-old woman with a
history of proximal humerus fracture. The femoral neck T-score is
-2.3. The FRAX results are shown on the DXA printout just below the

BMD results. Ten-year fracture risk is 3.6 % for hip fracture and 19 %
for major osteoporotic fracture
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Importantly, radiographic or clinical vertebral fractures may
be used when answering this question.

There is abundant evidence that prior fracture is a risk
factor for future fractures, independent of BMD (Center
et al. 2007; Ettinger et al. 2003; Lindsay et al. 2001; Kanis
et al. 2004a, b, c; Klotzbuecher et al. 2000; Schousboe et al.
2006). In a meta-analysis of peri- and postmenopausal
women, fracture risk was doubled in women who had a
prior fracture compared to those who had no prior fracture
(Klotzbuecher et al. 2000).

3.5 Parental Hip Fracture

FRAX asks if the patient’s parent had a history of hip
fracture. The question requires a yes or no response. There
is evidence that fractures in parents increase the risk of
fractures in the offspring. In the Study of Osteoporotic
Fractures, women with a maternal history of hip fracture
had twice the fracture risk compared to women without
maternal history (Cummings et al. 1995). In a large meta-
analysis Kanis et al. (2004a, b, c) reported that men and
women with a parental history of fracture had an increased
risk of any fracture (relative risk = 1.17), osteoporotic
fracture (relative risk = 1.18), and hip fracture (relative
risk = 1.49).

3.6 Smoking

FRAX includes a yes or no question about the patient’s
current tobacco smoking. There is evidence that smoking
increases fracture risk (Cornuz et al. 1999; Høidrup et al.

2000; Law and Hackshaw 1997; Kanis et al. 2005a, b, c;
Vestergaard and Mosekilde 2003; Ward and Klesges 2001).

3.7 Glucocorticoids

FRAX includes a yes or no question about patient’s use of
glucocorticoids. The question should be answered yes if
there is present or past oral glucocorticoid therapy for more
than three months and equivalent to at least 5 mg of pred-
nisone per day.

Glucocorticoids are associated with an increased risk of
fracture (van Staa et al. 2002, 2003; Weinstein 2011). In a
study of 244,235 oral corticosteroid users and 244,235 con-
trols, relative rates of non-vertebral fractures during treatment
were 1.33 and hip fractures 1.61 (van Staa et al. 2000a, b).

The use of glucocorticoids as risk factor for fracture is
inversely related to the patient’s age. In a meta-analysis,
Kanis et al. (2004a, b, c) reported that in 50-year olds, the
relative risk of osteoporotic fractures was 2.63 and hip
fractures was 4.42. In the same meta-analysis, in 80-year
olds, the relative risk of osteoporotic fractures was 1.71 and
hip fractures was 2.48. Importantly, the effect of glucocor-
ticoids is independent of BMD.

3.8 Rheumatoid Arthritis

FRAX includes a yes or no question about RA. The etiology
of fractures in patients with RA is multifactorial, resulting
from chronic inflammation, inactivity, increased fall risk,
and use of glucocorticoids (Broy and Tanner 2011). How-
ever, the increased fracture risk appears to be independent
of the use of glucocorticoids.

Fig. 2 FRAX Calculation tool
website. The United States
database is selected. The
questionnaire includes: age,
gender, weight, height, previous
fracture, parental hip fracture,
current smoking, use of
glucocorticoids, rheumatoid
arthritis, secondary osteoporosis,
alcohol intake, femoral neck
BMD
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3.9 Secondary Osteoporosis

FRAX asks if the patient has secondary osteoporosis. The
question requires a yes or no response. Conditions associated
with secondary osteoporosis include Type I diabetes, untreated
long-standing hyperthyroidism, overtreated hypothyroidism,
hypogonadism, premature menopause (\45 years), anorexia
nervosa, certain breast cancer chemotherapeutic agents,
hypopituitarism, inflammatory bowel disease, organ trans-
plantation, COPD, chronic liver disease, chronic malnutrition,
osteogenesis imperfecta, or prolonged immobility in condi-
tions such as spinal cord injury, Parkinson’s disease, stroke, or
muscular dystrophy (Kanis et al. 2008a, b, c).

Although most of these conditions are associated with
low BMD, the association with fractures risk is less certain.
It is important to recognize that in FRAX there is no
increased fracture risk attributed to secondary osteoporosis
if the BMD value is entered. The only exception is RA,
which is a separate question in FRAX.

3.10 Alcohol Use

FRAX asks if the patient drinks three or more units of
alcohol per day. The question requires a yes or no response.

The association between alcohol use and risk of fracture
has not been consistent across studies (Berg et al. 2008;
Høidrup et al. 1999; Kanis et al. 2005a, b, c; Mukamal et al.
2007). In one large study (Kanis et al. 2005a, b, c) intake
above two units daily was associated with an increased rel-
ative risk of any fracture (RR = 1.23), osteoporotic fracture
(RR = 1.38), and hip fracture (RR = 1.68). Importantly,
this elevated fracture risk was independent of BMD.

3.11 Bone Mineral Density

When available, femoral neck BMD measured by DXA
should be included in FRAX. The association between low
BMD and an increased risk of fracture has been well
established (Cranney et al. 2007; Cummings et al. 1993;
Marshall et al. 1996). Importantly, the combination of BMD
with clinical factors has been shown to improve risk pre-
diction, compared to BMD or clinical risk factors alone
(Kanis et al. 2007, 2012). This combination is what makes
FRAX such a powerful clinical tool.

4 Various Ways to Use FRAX

In 1994, when the World Health Organization (WHO) first
used BMD to define osteoporosis, the definition was intended
mainly as a research tool for epidemiologists. Soon after,

T-scores emerged and revolutionized the care of patients
being evaluated for osteoporosis. In contrast, the introduction
of FRAX by the WHO in 2008 was intended for clinical use
rather than research. For this reason, various professional
organizations developed guidelines for the use of FRAX in
managing patients. What emerged is an approach to FRAX
that is somewhat different in different countries. In particular,
clinicians in the United States and the United Kingdom have
chosen distinct approaches to the use of FRAX.

4.1 Indications for FRAX

In the United States, the National Osteoporosis Foundation
(NOF) recommends using FRAX in postmenopausal
women and in men age 50 and older. The NOF does not
recommend FRAX in patients who are receiving pharma-
cologic therapy (NOF 2010).

In the United Kingdom, the National Osteoporosis
Guideline Group (NOGG) recommends using FRAX in
postmenopausal women and men over 50 years of age.
However, unlike the NOF, the NOGG recommends initial use
of FRAX without BMD. So in fact, FRAX results are used to
determine what patients are candidates for BMD measure-
ment using DXA. Based on age-specific thresholds of
FRAX-derived risk of major osteoporotic fracture, patients
are divided into three categories: (1) high risk–consider
treatment, (2) intermediate risk–measure BMD, and (3) low
risk–no treatment (NOGG 2010). The individuals that fall
into the second group (intermediate risk) have their BMD
measured and have a second FRAX calculation, this time with
BMD. Based on FRAX-derived risk of major osteoporotic
fracture, these patients are divided into two categories: (1)
high risk–consider treatment, (2) low risk–no treatment
(NOGG 2010).

In summary, in the UK, FRAX is used to select patients for
DXA. In other words, every patient with DXA will have
FRAX first. In contrast, in the US, DXA is used to select
patients for FRAX. Based on the recommendations of the
NOF and the International Society for Clinical Densitometry
(ISCD), only patients with osteopenic BMD (T-score between
-1.0 and -2.5) by DXA should have a FRAX calculation.

Importantly, FRAX does not provide treatment guide-
lines. As the indications for FRAX differ among individual
countries, treatment recommendations based on FRAX are
also different in various countries.

4.2 Treatment Recommendations Based
on FRAX

FRAX has changed how men and women suspected of
having osteoporosis are selected for pharmacologic therapy.
Prior to FRAX, many guidelines relied on BMD results
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(T-score) for treatment recommendations. After FRAX
became available, these guidelines were revised to recom-
mend therapy in individuals who are at high risk for fracture
based on FRAX. Thresholds for therapy vary by country.

In the United Sates, the NOF recommends pharmaco-
logic intervention in men and women with osteopenia
(T-score between -1.0 and -2.5 at the femoral neck or
spine) and a 10-year probability of a hip fracture C3 % or a
10-year probability of a major osteoporosis-related fracture
C20 % (NOF 2010). The NOF also recommends treatment
in individuals with osteoporosis (T-score B-2.5 at the
femoral neck or spine) and in individuals with a hip or
vertebral (clinical or radiologic) fracture (NOF 2010).

Prior to FRAX, a 70-year-old Caucasian woman in the
United States with a BMI of 19, a T-score of -1.4, and a
maternal history of hip fracture would not qualify for
treatment. Using FRAX, the same woman has a 10 %
probability of a hip fracture and 22 % probability of a major
osteoporotic fracture and would qualify for therapy based
on NOF guidelines.

In the United Kingdom, the NOGG algorithm stratifies
patients into low, intermediate, and high risk categories
based on FRAX without BMD. High risk individuals can be
considered for treatment without BMD testing. Intermediate
risk individuals have DXA with FRAX. Intervention
thresholds are set by age and are equivalent to the risk
associated with a prior fracture for a person of that age
(NOGG 2010). Like the NOF, the NOGG recommends that
women with a prior fragility fracture should be considered
for treatment, without the need for BMD testing.

In summary, the FRAX treatment thresholds in the UK
vary by age, whereas in the US the FRAX treatment
thresholds of 3 and 20 % are used for all postmenopausal
women and men age 50 and older. The economic modeling
that underlies these two approaches is also quite different.

4.3 Economic Modeling

FRAX-based treatment thresholds vary by country. Treat-
ment thresholds are determined in part by country-specific
economic analysis which includes costs associated with
fractures and costs associated with pharmacologic therapy
(Borgström et al. 2006; Burge et al. 2007; Kanis et al.
2008a, b, c).

In the United States, a cost-benefit analysis with the
following assumptions was used: bisphosphonate therapy
for 5 years ($600/year), yearly doctor visit ($49/year),
BMD in year 2 ($82), fracture risk reduction of 35 %, and
willingness-to-pay threshold of $60,000 per quality-adjus-
ted-life-year (QUALY) gained (Tosteson et al. 2008).
Osteoporosis treatment was cost-effective when 10-year hip
fracture rates reached 3 %.

In the United Kingdom, a cost-benefit analysis with a
different set of assumptions was used (Kanis et al. 2008a, b, c,
2009). The intervention threshold was set to coincide with the
fracture probability of someone with a prior osteoporotic
fracture. The cost of generic aldendronate was set at £95 a
year. Unlike the NOF thresholds, the NOGG thresholds vary
by age. For example, in a 50-year-old, a 7.5 % probability of
major fracture is used; in an 80-year-old, a 30 % probability
is used.

In the future, the treatment thresholds based on FRAX are
expected to change based on changing drug costs, drug
effectiveness, and health economics within a given country.

5 How We Use FRAX

We include FRAX in our DXA reports only in patients with
DXA measured T-score between -1 and -2.5, who are
older than age 50, and who are not currently being treated
for osteoporosis. We do not include FRAX in our DXA
reports in patients with normal or osteoporotic BMD, in
non-steroid-treated patients younger than age 50, or
in patients undergoing pharmacotherapy. As such, our
practice is consistent with the recommendations of the NOF
and ISCD.

To understand how we use FRAX, it is important to
review how we use DXA (Dasher et al. 2010). Figure 3
shows our DXA report template. In the vast majority of our
patients, we use our DXA interpretation to help answer
three clinical questions: (1) what is the patient’s diagnosis
based on BMD, (2) what is the patient’s prognosis or risk of
fracture, (3) could the patient benefit from pharmacologic
therapy.

The second question was always the most problematic
because there are different ways to express fracture risk. For
example, we could state qualitatively that the risk is
increased or we could state quantitatively that the risk has a
certain number. Quantitative risk, in turn, could be
expressed as relative risk or absolute risk. While relative
risk compares two groups, absolute risk evaluates just one
group, typically over 1 year, 5 years, or 10 years. In that
sense, FRAX provides an absolute risk of fracture over
10 years. Thus, when combined with DXA-measured BMD,
FRAX has proven to be extremely valuable for determining
a patient’s prognosis.

FRAX can also address the third clinical question by
helping to select osteopenic patients for pharmacologic
therapy.

In order to further emphasize the utility of FRAX in the
interpretation of clinical DXA examinations, we contrast
our current approach with our approach before FRAX
became available.
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5.1 DXA Interpretation Before FRAX

Figure 4 shows one of our typical DXA reports prior to the
use of FRAX. This was a 64-year-old woman with a history
of distal radius fracture. Because her BMD was in the

osteopenic range (femoral neck T-score = -1.7) the fracture
risk in our DXA report was expressed qualitatively as
‘‘increased.’’ Although at one time we used a quantitative
expression of relative risk in our DXA reports, this practice
was not standardized. Statements such as, ‘‘this patient’s risk

Fig. 3 Our DXA report
template. Note that the report is
organized into sections including
clinical history, BMD Results,
Conclusions, and additional
information. The conclusion
section includes statements about
diagnosis, fracture risk,
monitoring, treatment
recommendations, and follow-up.
When appropriate, we include
FRAX results in the fracture risk
portion of our conclusion
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is increased four-fold’’ were found to be confusing to many of
our referring clinicians and thus were consequently
abanoned. Prior to FRAX, there was no accepted way to
express absolute fracture risk in DXA reports. Before FRAX,
the NOF recommended therapy in patients with T-scores
below -1.5 if they had clinical risk factors. Because the
patient in Fig. 4 met the above NOF criteria, our DXA report
included a statement, ‘‘Therapy should be considered.’’

5.2 Current DXA Interpretation

Figure 5 shows one of our typical DXA reports with the use
of FRAX. Note that this 66-year-old woman with prior
history of distal radius fracture and a femoral neck T-score
of -1.5 is similar to the patient in Fig. 4. Because the
patient has osteopenic BMD, the fracture risk was calcu-
lated using FRAX. However, unlike the patient in Fig. 4,

Fig. 4 Our DXA report prior to
the use of FRAX. This is a 64-
year-old woman with previous
distal radius fracture. L1–L4 T-
score of -1.1 and femoral neck
T-score of -1.7. Note that the
risk is expressed in qualitative
terms as ‘‘increased’’
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this patient did not qualify for pharmacologic therapy. With
a 10-year risk of hip fracture of 1.5 % and major osteopo-
rotic fracture of 14 %, the patient did not meet the post-
FRAX criteria for therapy from the NOF.

Figure 6 shows our use of FRAX in a DXA report of
another patient, a 78-year-old woman with a history of low-
trauma tibia fracture. Like the patient in Fig. 5, this patient
has osteopenic BMD (femoral neck T-score is -2.0). Unlike
the patient in Fig. 5, this patient met the post-FRAX criteria
for pharmacologic therapy from the NOF. The 10-year risk
was 5.1 % for hip fracture and 21 % for major osteoporotic
fracture.

How do we express risk in patients with normal or oste-
oporotic BMD? The same way we did before FRAX. Fig-
ure 7 shows our DXA printouts in patients who have normal
BMD, osteoporotic BMD, prior spine or hip fracture, or are
undergoing therapy for osteoporosis. In these patients, our
DXA reports make no mention of FRAX. If the BMD is in the
normal range, we report the fracture risk as ‘‘normal.’’ If the
BMD is in the osteoporotic range or the patient is on therapy,
we report the risk as ‘‘increased.’’ How do we recommend
therapy in patients with osteoporosis (T-score below -2.5),

or history of spine or hip fracture? The same way we did
before FRAX; we report ‘‘therapy should be considered.’’

Outside of the radiology setting, another benefit of
FRAX is its use as an educational tool for patients. FRAX
results are often used by clinicians to explain to patients
why some are candidates for therapy while others are not.
By manipulating FRAX results in front of a given patient,
clinicians are able to show the benefit of lifestyle modifi-
cations such as smoking cessation or excessive alcohol
intake.

6 Controversies

Despite the obvious clinical utility of FRAX, its use has
attracted controversy (Ensrud et al. 2009; Giangregorio
et al. 2012; Hillier et al. 2011; Joop et al. 2010; Kanis et al.
2011; Leslie et al. 2012; Lewiecki et al. 2011; Roux and
Thomas 2009; Silverman and Calderon 2010; Tremollieres
et al. 2010). To help organize the controversial aspects of
FRAX, we first review some key aspects in its development
and then attempt to answer two questions: (1) Does FRAX

Fig. 5 a Hip DXA printout in a 66-year-old woman with previous
distal radius fracture. L1–L4 T-score (not shown) is -0.8. Femoral
neck T-score is -1.5. Note that the FRAX results are shown because
the patient is osteopenic. b DXA report in the same patient. Note that

the risk is expressed in quantitative terms based on FRAX: 10-year
fracture risk is 1.5 % for hip fracture and 14 % for major osteoportic
fracture. Because the patient does not meet the NOF criteria for
therapy, therapy was not recommended
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work? (2) Can it work better? In answering these questions
we glimpse into the future of how this tool may be used to
help improve patient care.

6.1 Development of FRAX

FRAX was developed using country-specific epidemiologic
data. Risk factors for fracture were chosen from multiple
meta-analyses using 60,000 men and women, with
approximately 250,000 patient years (McCloskey et al.
2009). The results have been confirmed in 11 independent
cohorts from around the world, with over a million patient
years (Kanis et al. 2007).

Unlike other absolute fracture risk tools, FRAX accounts
for competing mortality (Kanis et al. 2003). The mortality
modifier is used because the average life expectancies vary
substantially in different countries. The closer someone is to
their life-expectant age, the higher their probability of dying
before they sustain an osteoporotic fracture. For this reason,
future versions of FRAX will have to take into account not
only changing fracture rates but also changing mortality rates.

It is important to realize that FRAX provides probability
of fracture over a 10-year period instead of a lifetime. From
a clinical standpoint, lifetime risk is not as important as a
short-term risk. For example, a 50-year-old individual has
a much higher lifetime risk of fracture compared to an
85-year-old simply because they will live longer. But the
85-year old is much more likely to fracture in the next
10 years than a 50-year old.

Ten-year risk is also used because the prognostic value
of some clinical risk factors may diminish with time
(Lewiecki 2010). For example, the fracture risk after an
osteoporotic fracture decreases as the time from that frac-
ture increases (Schousboe et al. 2006). Excess risk for hip
fracture (after adjusting for BMD and age) in individuals
with prevalent vertebral fractures was 110 % in the first
5 years, 75 % at 5–10 years, and 41 % more than 10 years
after the baseline examination (Schousboe et al. 2006).

Although FRAX has undergone multiple updates with
new epidemiologic data (Watts et al. 2009), many osteo-
porosis experts still wonder if FRAX can be further
improved. This question revolves around two issues:
(1) Clinical risk factors and (2) Measurement of BMD.

Fig. 6 a Hip DXA printout in a 78-year-old woman with previous
low-trauma tibia fracture. L1–L4 T-score (not shown) is -2.2. Femoral
neck T-score is -2.0. Note that the FRAX results are shown because
the patient is osteopenic. b DXA report in the same patient. Note that

the risk is expressed in quantitative terms based on FRAX: 10-year
fracture risk is 5.1 % for hip fracture and 21 % for major osteoportic
fracture. Because the patient meets the NOF criteria for therapy,
therapy was recommended
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Fig. 7 a Hip DXA printout in a 70-year-old woman with a 43-year
history of cigarette smoking. L1–L4 T-score (not shown) is 0.2.
Femoral neck T-score is -0.9. Note that the FRAX results are not
reported because the T-scores are within normal range (above -1.0).
b Hip DXA printout in a 65-year-old woman with a maternal history of
hip fracture. L1–L4 T-score (not shown) is -1.7. Femoral neck T-score
is -2.5. Note that the FRAX results are not reported because some of
the T-scores are within osteoporotic range. c Hip DXA printout in a

69-year-old woman with a history of T8 vertebral body fracture.
L1–L4 T-score (not shown) is -1.2. Femoral neck T-score is -2.2.
Note that the FRAX results are not reported because the patient has a
history of a low-trauma spine fracture. d Hip DXA printout in a
77-year-old woman on bisphosphonate therapy for the past 3 years.
L1–L4 T-score (not shown) is -1.7. Femoral neck T-score is -1.1.
Note that the FRAX results are not reported because the patient is
being treated for osteoporosis
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6.2 Improving Clinical Risk Factors in FRAX

There has been controversy surrounding the use of dichoto-
mous (Yes or No) variables in FRAX (Blank 2011; Dimai and
Chandran 2011; Leib et al. 2011). Previous fracture, smoking,
glucocorticoids use, and alcohol use are all dichotomous
variables. Yet there is evidence that increased number of prior
fractures and increased severity of prior vertebral fractures
substantially increases future risk offracture (Black et al. 1999;
Lindsay et al. 2001; Puisto et al. 2012). Similarly, the use of
alcohol, smoking, and glucocorticoids has a dose-dependent
contribution to increased fracture risk (Cornuz et al. 1999; de
Vries et al. 2007; Høidrup et al. 1999; van Staa et al. 2000a, b;
Ward and Klesges 2001; Weatherall et al. 2008). Is it possible
to treat some of these risk factors as continuous variables in
FRAX? In fact, a recent meeting of the International Osteo-
porosis Foundation (IOF) and ISCD considered that question.
They decided that FRAX may underestimate fracture risk in
patients with multiple fractures, severe vertebral fractures, and
doses of oral glucocorticoids[7.5 mg/day (Hans et al. 2011).

Controversy also exists about the clinical risk factors that
were left out of FRAX; in particular, falls and frailty (Masud
et al. 2011; Roy et al. 2002). In the elderly, 40–60 % of falls
result in an injury; 5–10 % of these injuries are fractures
(Masud and Morris 2001). According to the Study of Oste-
oporotic Fractures, a woman has a 30 % increase in 10-year
fracture probability with each fall compared to her coun-
terpart without any falls. The most important risk factors for
falling include previous falls, decreased muscle strength,
instability, dizziness, visual impairment, depression, cogni-
tive impairment, urinary incontinence, chronic musculo-
skeletal pain, woman sex, and age[80 (Masud et al. 2011).
Is it possible to include falls and frailty as risk factors in
FRAX? A recent IOF–ISCD Position Statement on FRAX
acknowledges evidence for increased fracture risk in patients
with frequent falls but states that the risk is difficult to
quantify and apply to FRAX (Hans et al. 2011).

6.3 Improving BMD Measurement in FRAX

There has been some controversy about the choice of BMD
measurement site in FRAX. Because some of the epide-
miologic trials used in FRAX meta-analyses did not include
total hip BMD or spine BMD, femoral neck BMD was
chosen. There are other reasons for using only femoral
BMD: (1) Femoral BMD predicts hip fractures better than
other BMD measurement sites; (2) Frequent age-related
degenerative changes in the lumbar spine, coupled with the
absence of a standardized approach for excluding artifacts,
limits use of lumbar spine BMD.

In clinical patients there is significant inter-site variability
(discordance) in BMD between spine and hip (Leslie et al.

2007). Recent IOF–ISCD Position Statement acknowledges
that FRAX underestimates fracture risk in individuals with
significantly lower spine BMD compared to femoral neck
BMD (Hans et al. 2011).

Leslie et al. (2011) derived a correction factor for FRAX to
account for spine-hip discordance based on the Manitoba
BMD database. The FRAX estimate was increased or
decreased by one-tenth for each rounded T-score difference
between the femoral neck and lumbar spine. For example, an
individual with a T-score of -1.9 at the femoral neck and a
T-score of -3.8 at the lumbar spine has a FRAX-derived
major osteoporotic fracture probability of 22 %. A difference
of 1.9 exists between the BMD at the spine and hip
(-3.8 minus -1.9). This number is rounded to 2.0. One-tenth
of the FRAX-derived fracture probability is determined
(0.1 9 22 = 2.2). This value is then multiplied by the
rounded difference between the sites (2.0 9 2.2 = 4.4). The
resultant number is added to or subtracted from the original
FRAX fracture probability to derive a modified FRAX frac-
ture probability. In this example, the modified FRAX fracture
probability is 26.4 % (22 ? 4.4 = 26.4 %). Although, this
correction factor is currently not being applied to FRAX,
there is possibility that some similar correction factor may be
included in the future versions of FRAX.

7 Conclusion

By providing a country-specific 10-year risk of fracture that
takes into account not just BMD but 10 other clinical risk
factors, FRAX has changed the way patients with suspected
osteoporoses are managed. Using FRAX, many clinicians
have recommended pharmacologic therapy to patients who
have not yet reached osteoporotic BMD. The use of FRAX
in clinical practice will certainly be refined in the future.
Other risk factors or BMD measurement sites may be
added. There may even be further standardization on its use
in different countries. In our practice, including FRAX-
derived fracture risk and applying FRAX-based treatment
algorithms in our DXA interpretation has fundamentally
changed the way these examinations are reported. The
purpose of this chapter was to share our perspective on this
important tool.
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