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Abstract

The characterization of risk factors for fracture that contribute significantly to fracture risk, over and above
that provided by the bone mineral density, has stimulated the development of risk assessment tools. The more
adequately evaluated tools, all available online, include the FRAX® tool, the Garvan fracture risk calcula-
tor and, in the United Kingdom only, QFracture®. Differences in the input variables, output, and model con-
struct give rise to marked differences in the computed risks from each calculator. Reasons for the differences
include the derivation of fracture probability (FRAX) rather than incidence (Garvan and QFracture), limited
calibration (Garvan), and inappropriate source information (QFracture). These differences need to be taken

into account in the evaluation of assessment guidelines.
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Introduction

A significant advance over the past 15 yr has been the
development of medical interventions that have been shown
in high-quality randomized controlled trials to decrease the
risk of fragility fractures (/,2). Unfortunately, a minority
of men and women receive treatment even after sustain-
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ing a fragility fracture (/,3). The reason for a large treat-
ment gap (the difference between the number of individuals
at high risk and the proportion of the population that re-
ceives treatment) is complex and multifactorial. However,
one of the reasons is limitations in the assessment of frac-
ture risk.

Although the diagnosis of the disease relies on the quan-
titative assessment of bone mineral density (BMD), a major
determinant of bone strength, the clinical significance of
osteoporosis lies in the fractures that arise. The causation
of fractures is, however, multifactorial. In this respect, there
are some analogies with other multifactorial chronic dis-
eases. For example, hypertension is diagnosed on the basis
of blood pressure, whereas an important clinical conse-
quence of hypertension is stroke, the likelihood of which
is dependent on multiple factors including hypertension.

Despite many guidelines using BMD thresholds to de-
termine whether treatments should be recommended, the
multifactorial nature of fracture risk means that BMD does
not capture nonskeletal determinants of fracture risk, such
as liability to fall. A number of risk factors for fracture has
been identified that contribute significantly to fracture risk
over and above that provided by BMD (4). A good example


mailto:w.j.pontefract@shef.ac.uk
mailto:w.j.pontefract@shef.ac.uk
http://dx.doi.org/10.1016/j.jocd.2017.06.013

is age, where the same BMD has a different significance
at different ages, such that fracture risk is much higher in
the elderly than in the young (5,6). This is because age con-
tributes to risk independent of BMD. The realization that
independent risk factors in combination with BMD predict
fractures with greater accuracy than BMD alone (4) has
led to the development of risk prediction tools to better
categorize individuals at high or low risk and, in turn, to
optimize clinical decision making with regard to therapeu-
tic intervention. This paper reviews the strengths and weak-
nesses of the most commonly espoused risk assessment tools.

Fracture Risk Prediction Tools

Several assessment tools have been derived, most of
which have been poorly validated (7,8). The more ad-
equately evaluated tools, all available online, include the
FRAX® tool (7), the Garvan fracture risk calculator (9,10),
and, in the United Kingdom, the QFracture® (/1,12).

FRAX

The FRAX algorithm is based on a series of meta-
analyses of data from 12 independent fracture studies from
North America, Europe, Asia, and Australia (/3-/8), which
comprised a total of 60,000 men and women with more than
250,000 person-yr of follow-up and included more than 1100
cases of hip fracture and 3300 osteoporotic fractures (7).

After the fracture risk algorithm had been constructed
using primary data from these studies, a validation study
was performed using individual-level data from 11 inde-
pendent population-based cohorts that were not used in
the development of the original model (79). The latter com-
prised a total of 230,000 individuals with more than 1.2
million person-yr of follow up. By reason of its large
numbers, its international character, and the care taken in
its construction and implementation, the FRAX algo-
rithm is considered to have unique authority (20). The al-
gorithm provides information on the 10-yr probabilities of
hip fracture and any major osteoporotic fracture (defined
as a hip, wrist, humerus, or clinical vertebral fracture).
Further details are provided in an accompanying paper in
this volume.

QFracture

The QFracture tool is based on a UK prospective open
cohort study of routinely collected data from 357 general
practices on over 2 million men and women aged 30—
85 yr (www.qfracture.org) (/1). Like the FRAX tool,
QFracture takes into account history of smoking, alcohol
and corticosteroid use, parental history (of hip fracture or
osteoporosis), and several secondary causes of osteoporo-
sis. Unlike FRAX, QFracture also includes a history of falls
(yes or no only over an unspecified time frame) and uti-
lizes a large number of clinical risk factors, and no provi-
sion is made for BMD. It has been internally validated (i.e.,
from a stratum of the same population) and externally vali-
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dated in a similar population (routinely collected data in
general practitioner records). The performance character-
istics and calibration in the United Kingdom have been com-
pared with FRAX with comparable results for hip fracture.
The tool is not calibrated to the epidemiology of other coun-
tries. A feature of QFracture is that it is more cumber-
some (more questions) and does not accommodate the
inclusion of BMD. BMD measurements are dismissed as
“expensive and inconvenient tests” (//), and so the model
ignores a wealth of data demonstrating the utility of BMD
testing in fracture risk assessment.

Garvan

The Garvan tool (www.garvan.org.au) is based on many
fewer men and women from a single study, the Australian
Dubbo Osteoporosis Epidemiology Study (DOES) f ap-
proximately 2500 men and women 60 yr of age or more.
Garvan differs from FRAX by including a history of falls
(categorized as 0, 1,2, and >2 in the previous year) and the
number of previous fragility fractures (categorized as 0, 1,
2,and >2), but does not include other FRAX variables such
as parental history of hip fracture, secondary osteoporo-
sis, rheumatoid arthritis, glucocorticoid use, smoking, and
intake of alcohol. The output of the tool differs from FRAX
in that it reports the risk of a larger number of fracture sites
(additionally includes fractures of the distal femur, proxi-
mal tibia/fibula, distal tibia/fibula, patella, pelvis, ribs sternum,
hands, and feet excluding digits). Further details are pro-
vided in an accompanying paper in this volume.

Comparative Features

There are important differences in the input variables,
output, and model features that make comparison of the
models problematic. A summary of input variables is given
in Table 1.

With regard to input variables, both Garvan and
QFracture include a history of falls, whereas this is not an
input variable in FRAX. Indeed the Garvan tool weights
the number of falls in the past year. Whereas falls are a
strong risk factor for fracture, the incorporation of falls into
FRAX is problematic for several reasons. First, at the time
of the release of FRAX, existing falls data were not of ad-
equate quality, including the heterogeneous construct of
questions on falls. Second, falls risk is inherently taken into
account in the algorithm, though not as an input variable.
Thus, the fracture probability given for any combination
of risk factors assumes that the falls risk is that observed
(but not documented) in the cohorts used to construct
FRAX. Third, the interrelationship of falls risk with the
other FRAX variables has been inadequately explored on
an international basis. Fourth, the relationship between the
risk variable and mortality needs to be accounted for, but
there are no data available.

These technical problems aside, risk assessment tools are
intended to identify a risk that is amenable to a therapeu-
tic intervention. However, falls as a risk variable do not
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